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(54)Tlttc: CHEMICAL COMPOUNDS 

(57)1 Abstract 

i A compound of fonnula (I) 
and salts and solvates theieof, in 
which RO represents hydrogen, halo- 
gen |or C|.6alkyl; R' is selected trom 
the group consisting of: (a) hydro- 
gen;| (b) C|.6alkyl optionally substi- 
tuted by one or more substituents se- 
lected fitnn phenyl, halogen, -CO2R* 
and !-NR«Ri>; (c) Ca^cloaDcyl; (d) 
phmyl; and (e) a 5- or 6-membeted 
heterocyclic ring containing at least 
one j heteroatom selected from oxy- 
gen,! i^trogcn and sulphur, and be- 
ing 'optionally substituted by one or 
more Ci.6allcyl and optionally linked 

to tlie nitrogen atom to which R^ is attached via Ci.«alkyl; R^ is selected from the gtoup consisting of^ (f) Cd^cloalkyl; (g) phenyl op- 
tionally substinited by one or nuae substituents selected from -OR*, -NRHt^ halogen, hydroxy, trifluoromethyl. cyano and nitro; (h) a 5- 
or 6rmembered heterocyclic ring containing at least one heteroatom selected ftom oxygen, nitrogen and sulphur; and (1) a bicyclic ring (1) 
attached to the rest of the molecule via one of die benzene ring carbon atoms and A is a 5- or 6-membered heterocyclic ring as defined 
in point (h); and R* and R*^ independently represent hydrogen or Ci.6alkyl* A compound of the present invention is a potent and selective 
inhili>itor of cGMP specific PDE having a utility in a variety of dierapeutic areas where such inhibition >is beneficial. 
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CHEMICAL COMPnilMnft 

This invention relates to a series of tetracyclic derivatives, to processes for 
their preparation, phannaceutical compositions containing ttiem, and their use 
as therapeutic agents. In particular, the invention relates to tetracyclic 
derivatives which are potent and selective inhibitors of cyclic guanosine 3'.5'- 
nrtonophosphate specific phosphodiesterase (cGMP specific PDE) having utility 
in a variety of therapeutic areas where such inhibition is thought to be beneficial, 
including the treatment of cardiovascular disorders. 

Thus, according to a first aspect, the present Invention provides compounds 
of formula (I) 



o 

H O 

and salts and solvates (e.g. hydrates) thereof, in which: 
RO represents hydrogen, halogen or atkyt; 
is selected from the group consisting of: 

(a) hydrogen; 

(b) Ci^alkyl optionally substituted by one or more substituents selected 
from phenyl, halogen. -COjR" and -NR'R*'; 

(c) Cj^cycloalkyl; 

(d) phenyl; and 

(e) a 5- or 6-membered heterocyclic ring containing at least one 
heteroatom selected from oxygen, nitrogen and sulphur, and being 
optionally substituted by one or more Ci^alkyl, and optionally linked to 
the nitrogen atom to which is attached via Ci^alkyl; 

R^ is selected from the group consisting of: 
(^) Cj^cycloalkyl; 

(g) phenyl optionally substituted by one or more substituents selected 
from -OR®, -NR®R^» halogen, hydroxy, trifluoromethyl. cyano and nitro; 
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(h) a 5- or 6-membered heterocyclic ring containing at least one 
heteroatom selected firom oxygen, nitrogen and sulphur; and 

(j) a bicyclic ring attached to the rest of the molecule via 

one of the benzene ring carbon atoms and A is a 5- or 6-membered 
heterocyclic ring as defined in point (h); and 
and independently represent hydrogen or Ci^allcyl. 
The terni "Ci^alltyi" as used herein denotes any straight or branched alkyi 
chain containing 1 to 6 carixm atoms, and includes methyl, ethyl, n-propyl, iso- 
propyl, n-butyl, pentyl, hexyl and the like. 

The temi "halogen" as used herein denotes fluorine, chlorine, bromine and 
iodine. 

A particular group of compounds according to fbnnula (I) ate those wherein 
R" represents any of hydrc^en, mettiyl, bromine and fluorine, although of course 
the definition of R° giyen in fonnula (I) includes mthin its scope other Ci^alkyl 
and halogen groups. 

Aptly, R^ may represent a substituent selected from methyl, ethyl optionally 
substituted by one or more chlorine atoms, butyl, cyckihexyl and benzyl 

Other suitable R^ substituents Include hydrogen; cycloalkyi groups, such as 
cyclopropyl: Ci.«alkyl. typically ethyl or propyl, substituted by an -NR'r" 
substituent, such as a dimethylamino substituent: phenyl optionally linked to the 
nitrogen atom to which R^ is attached via a C^^alkyl chain, such as ethyl or the 
like; and Ci^lkyl, e.g. methyl, substituted by -COsR", such as -CHjCOjEt or the 
like. 

Suitable heterocyclic rings within the definition of R^ include pyridyl, 
morpholinyl, piperazinyl, pynolidinyl and piperidinyl. Generally such heterocyclic 
rings are linked to the nitrogen atom to which is attached via a C^.6all<yl 
chain, more appropriately a C^.4alkyl chain. 

A particularly apt substituent represented by R^ is 
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Other suitable substituente include thienyl. pyridyl, fury! and phenyl, 
wherein phenyl can be substituted by one or nrrore substituents selected from 
-OR' (e.g. methoxy). -NR'R" (e.g. dimethylamino), halogen (in particular 
chlorine or fluorine), hydroxy, trifluoromethyl, cyano and nitro. 

Alternatively. R^ may represent a suitable Cj^cycloallcyl group, such as 
cydohexyl or the like. 

The pharmaceutically acceptable salts of the compounds of formula (I) which 
contain a basic centre are acid addition salts fomned with pharmaceuticaiiy 
acceptable acids. Examples include the hydrochloride, hydrobromide. sulphate 
or bisulphate. phosphate or hydrogen phosphate, acetate, benzoate. succinate, 
fumarate, maleate, lactate, citrate, tartrate, gluconate, methanesulphonate. 
benzenesulphonate and p-toluenesulphonate salts. Compounds of tiie formula 
(I) can also provide pharmaceutically acceptable metal salts, in particular alkali 
metal salts, with bases. Examples include the sodium and potassium salts. 

It is to be understood that the present invention covers all appropriate 
combinations of particular and preferred groupings hereinabove. 

Particular individual compounds of the invention include: 
Cis-243enzyl-5-(3.4-methylenedioxyphenyl)-5.6, 11,11 a-tetrahydro-1 H-imidazo 
[1 ',5': 1 .6]pyrido[3,4-blindole-1 ,3(2H)-dione: 

Trans-2-benzyi-5-(3,4-methylenedioxyphenyl)-5,6. 11,1 1 a-tetrahydro-1 H-imidazo 
[1 ',5': 1 .6]pyrido[3,4-b]indole-1 .3(2H)-dione; 

Cis-5-(4-methoxyphenyl)-2-methyl-5,6,11,11a-tetrahydro-1H-imidazotr,5*:1.6] 
pyrido[3.4-b]indole-1 .3(2H)-dione: 

Cis-2-ethyl-5-(4-methoxyphenyl)-5.6.1 1 .1 1 a-tetrahydro-1 H-imidazo[r.5':1 ,6] 
pyrido[3,4-b]indole-1 .3(2H)-dione; 

Trans-2-ethyl-5-(4-methoxyphenyI)-5.6.1 1,11 a-tetrahydro-1 H-imida2o[1 '.S': 1 .61 
pyridoI3,4-blindole-1.3(2H)-dione; 

Trans-2-ethyl-5-(3,4-methylenedioxyphenyl)-5.6,1 1 ,1 1 a-tetrahydro-1 H-imidazo 
[r ,5':1 ,6lpyrido[3,4-b]indole-1 .3(2H)-dione: 

Trans-2-ethyl-5-(2-thienyl)-5.6,1 1.11a-tetrahydro-1H-imidazoI1'.5':1.6) pyrido 
[3,4-b]indole-,1 .3(2H)-dione: 

Trans-5-(4-dimethylaminophenyl)-2-ethyl-5,6, 11,11 a-tetrahydro-1 H-imidazo 
t1 '.5': 1 .61 pyrido[3.4-b]indole-1 .3(2H)-dione: 



wo 96/32003 



PCT/EP96/03023 



4 



Trans-2-butyl-9-methyl-5-phenyl-5,6, 11.11 a-tetrahydro^1 H-imidazoIl ',5': 1 ,6] 
pyridoI3,4-bJinclole-1,3(2H)-dione: 

Trans-94)romo-24)utyl-5i>henyl-5A11,11a-tetrahydro-1H-imlda^^^ 
pyridoI3,4-bIindole-1 ,3(2HHione: 

Cls-2-butyl-5-(4-methoxyphenyI)-5,6,1 1,11a-tetrahydro-1H-imldazo [r,5':1 .6] 
pyridol3.4-blindoIe-1,3(2H)-dione; 

Trans-24)utyl-5-(4-methoxyphenyl)-5.6,11,11a4etrahydro-1H-imida20[1\5':1.6l 
pyridoI3.4-blindole-1,3(2H)-dione; 

Cis-24)utyl-9-fluoro-5-(4™thoxyphenyI).5.6,11.11a^etrahydro-1H-imldazo 
11 ',5'A .61 pyridoI3.4-bIindote.1,3{2H)-dione; 

Trans-2-butyl-9-fluoro-5-(4-methoxyphenyl)-5.6.1 1 ,1 1a-tetrahydro-1 H-imldazo 
[r,5':1.6]pyrido[3.4-blindole-1.3(2HHione; 

Trans-24)utyl-5-(3.4-methylenedioxyphenyI)-5.6.1 1.1 la-tetrahydro-IH-imidazo 
[1 \5'A,6] pyridol3.4-blindole-1 ,3(2H)-dione; 

Cis-24)utyl-5-(3-chtorDphenyl)-5.6.11.11a-tetrahydr(>-1H-imidazo(1\5':1.6]p 
I3.4-b]indol©-1 ,3(2H)-dione; 

Trans-2-butyl-5-(3-^lorophenyl)-5.6.11.11a-tetrahydro-1H-lmidazoir,5':1,6] 
pyrido [3.4-b]indole-1 .3(2H)-dic)ne: 

Cis-2-biityi-5-(4-chloiiophenyl)-5.6.11.11a-tetrahydro-immM (r,5':1.6I 
pyrido [3,4-blindole-1.3{2H)-dlone; 

Trans-2-butyl-5-(4-chlorophenyl)-5.6.1 1 ,11a-tetrahydro-1H-imidazo [r.5':1 ,61 
pyrido[3,4-bIindole-1,3(2H)-dione; 

Trans-2-butyl-5-(4-fluorophenyl)-5.6,1 1 . 1 1a4etrahydro-1 H-lmldazoll .6] 
pyrido [3.4-b]indole-1.3(2H)-dione; 

Trans-2-buty|.5-(4-hydroxyphenyl)-5,6. 11.11 a-tetrahydro-1 H-imidazoIl ',5': 1 .6] 
pyrido [3.4-b]indole-1 .3(2H)-dibne: 

Cis-2-butyl-5-(4-trifluoromethylphenyl)-5.6.1 1 ,1 la-tetrahydro-IH-imidazo 
[r,5':1.6lpyridoI3.4-bIindole-1.3(2H)-dione; 

Cis-2-butyl-5-(4-cyanophenyl)-5.6.1 1 ,1 1a-tetrahydro-1H-imidazo[1',5':1 .6] pyrido 
[3,4-blindole-1 .3(2HHione; 

Trans-2-butyI-5-(4-cyanophenyl)-5.e.1 1 .1 1a-tetrahydro-1 H-imldazoir,5':1 ,6] 
pyrido[3,4-bIindole-1,3(2H)-dione; 

Cis-2-butyl-5-(4-nitrophenyI)-5,6.1 1 .1 1a-tetrahydro-1 H-imidazo[1*.5': 1 .6]pyrido 
I3.4-b]indole-1 ,3(2H)-dione; 



# 
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Trans-2-butyl-5-(4-nitrophenyl)-5,6, 11.11 a-tetrahydro-1 H-imidazoIl '.S': 1 .6] 
pyndo[3,4-b]indole-1 .3(2H)-dione: 

Cis-2-butyl-5-{3^>yridyl)-5.6,1 1.1 1a-tetrahydro-1H-imidazo[1'.5':1.6lpyrido [3,4-bl 
indole-1,3(2H)-dione; 

6 Cls-2-butyl-5-(3-thjenyl)-5,e,1 1,1 1 a-tetrahydro-1 H-imida20l1 ',5': l.ejpyrido [3,4- 
! b]indoie-1.3(2H)-dione; 

I Trans-2-butyl-5-(3-thienyl)-5.6,1 1 .1 1 a-tetrahydro-1 H-imldazo[r,5*:1 ,6] 
' pyrido[3.4-b]indole-1.3(2H)-dione; 

j Cis-2-butyl-5-(3-furyl)-5,6.1 1 ,1 1 a-tetrahydro-1 H-imida20ir,6':1 .Blpyrido [3.4- 
10 b]indoie-1.3(2H)-dione; 

Traris-2-butyl-5-(3-furyl)-5.6.11.11a-tetrahydro-1H-irnidazo[1',5':1.6lpyrido[3.4- 
b]indole-1,3(2H)-dione; 
j Cis-2-cyclohexyl-5-(4-methoxyphenyl)-5.6.1 1,11 a-tetrahydro-1 H-imidazo 
I [1 ',5': 1 .6] pyrido[3,4-bIindole-1 ,3(2H)-d«one, 

1 5 Trans-2-Gyciohexyl-5-(4-methoxyphenyi)-5,6, 1 1,11 a-tetrahydFo-1 H-im idazo 
[r,5':1.6] pyrido[3.4-b]indole-1,3(2H)-dione: 

Cis-2-cyclohexyl-9-fluoro-5-(4-fnethoxyphenyl)-5,6. 11,11 a-tetrahydro-1 H- 
^ imidazo[1 '.5': 1 ,6] pyrido[3,4-b]ind9le-1 ,3(2H)-dione; 

Trans-2-cyciohexyl-9-f)uoro-5-<4-tnethoxyphenyl)-5,6.1 1,11 a-tetrahydro-1 H- 
20 imidazo[1 ',5': 1 ,6] pyrido[3,4-b]indole-1 ,3(2H)-dione; 

Trans-2-benzyl-5-phenyl-5,6,1 1 ,1 1a-tetrahydro-1H-imidazo[1',5':1 ,6]pyrido [3,4- 
b]rndole-1 ,3(2H)-dione; 

Cis-2-benzyl-5-(4-methoxyphenyl)-5,6,1 1 ,1 1a-tetrahydro-1 H-imidazo[1'.5':1 ,6] 
pyrido [3,4-b]indoie-1 .3(2H)-dione; 
25 Trans-2-benzyl-5-(4-metho)(yphenyl)-5,6.1 1 , 1 1a4etrahydro-1 H-iinidazo[1 ',5':1 ,6] 
pyrido [3,4-b]indole-1 .3(2H)-dion6i: 

(5R, 1 1 aR)-2-benzyl-5-(3,4-methy!ened io}(yphenyl)-5,6, 1 1,11 a-tetrahydro-1 H- 
imidazo (r,5':1,6]pyrido[3,4-blindole-1 ,3(2H)-d'one; 

Trans-2-ben2yl-5-(4-hydroxyphenyl)-5,6,1 1 ,1 1 a-tetrahydro-1 H-imidazo [1',6':1,6] 
30 pyrido [3,4-b]lndole-1.3(2H)-dion^; 

Trans-2-(2-chloroethyl)-5-(4-methoxyphenyl)-5,6,1 1,11 a-tetrahydro-1 H-imidazo 

[1 ',5': 1 ,6] pyrido[3.4-b]indole-1 .3(2H)-dlone; 

Cis-2-benzyl-5-cyclohexyl-5,6, 11,11 a-tetrahydro-1 H-imidazo[1 ',5': 1 ,6] 
[ pyrido[3,4-b]indole-1 ,3(2H)-dione; 
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Trans-2-benzyl-5-cyclohexyl-5.6.1 1 . 1 1a-tetrahydro-1 H-imidazo[r,5':1 ,6] 
pyrido[3,4-b]indole-1 .3(2HHiione: 

Trans-2-butyl-5-pheny»-5,6J1J1a-tetrahydfO-immidazo[1\5^1.6lpyTWo[3,^ 
b]indole-1,3(2H)-dione; 

5 Trans-2-cyclohexyl-5i3henyl-5,6,1 1,1 1a.tetrahydro-1H-jmlda2o[r,5':1.6] pyrido 
[3,4-b]indole-1.3(2H)-dione; 

Cis-2-cyclohexyl-5-phenyl-5.6,1 1,1 1a-tetrahydro-1 H-lmidazo[1 ',5': 1 ,6] pyrido 
[3,4-b)indoie-1 .3(2H)-dione: 

Trans-2-emoxy(aibonylmethyl-5^4-methoxyphenyl)-5,6.11,11a-te^ 
i 0 imida20[r.5': 1 ,6] pyrido [3,4-b]indole-1 ,3(2HHione; 

' Trans-5-(4-methoxyphenyl)-242-(2-pyridyl)-ethyll-5.6,11.11a-tetrahydro-1H- 
imidazo[r,5': 1 .6]pyrido[3,4-b]indole-1 .3(2HHione; 
Trans-2-cyclopropyl-5-phenyl-5,6,1 1.11 a-tetrahydro-1 H-imida2o[1 '.5': 1 .61 
pyrido[3.4-b]indole-1,3(2H)-dione: 

15 Trans -2H5henethyl-5i)henyl-5,6,11.11a-tetrahydro-1H-irnldazo[r.5':1,6] 
pyrido[3.4-b]indole-1.3(2H)-dione; 

Trans-5-phenyl-2-(2-pyridylmethyl)-5,6, 11,11 a-tetrahydro-1 mmidazo 
■ tr.5':1 .6lpyrido[3.4-b]lndole-1.3(2HHiione: 

Trans-5-phenyl-2-<4i»yridytmethyl)-5,6,11,11a-tetrahydro-1H-imidazo 
20 [r.5':1,6]pyrido[3.4-b]indole-1.3(2H)-dione: 

Trans-5-(4-m8thoxyphenyl)-2-(3-pyridylmethyl)-5.e,1 1 ,1 1 a-tetrahydro-1 H- 

imidazotr.SM .6]pyrido[3,4-blindole-1 .3(2H)-dlone: 

Trans-2-(2-dimethyiamino-ethyl)-5-<4-methoxyphenyl)-5,6.1 1.1 la-tetrahydro- 

1H-imidazo[r.5':1.6]pyrido [3,4-b]indole-1.3(2H)-dione: 
25 Trans-2-(3-dimethylamino-propyl)-5-<4-inethoxyphenyl)- 5.6.1 1 ,1 1 a-tetrahydro - 

1 H-imidazo[1 ',5':1 .6] pyrido [3.4-b]indole-1 .3(2H)-dione: 

Tran8-2-(2-morpholin-4-yl-ethyl)-5-phenyi-S,6. 11.11 a-tetrahydro-1 H- 

imidazc^r,5':1.6] pyrido [3.4-b]indole-1 .3(2H)-dione; 

Trans-5-(4-methoxyphenyl)-2-I3-(4-methyl-piperazin-1-yl)-propyq- 5.6.1 1,11a- 
30 tetrahydro-1 H-imidazo[1'.5': 1 .6] pyrido [3,4-b]indole-1 ,3(2HH>one: 

Trans-5-(4-methoxyphenyi)-2-(2-pyrrolidin-1-yl-ethyl)-5,6,1 1,11 a-tetrahydro-1 H- 
imidazo[1 ',5': 1 .6] pyrido I3,4-blindole-1 ,3(2H)-<lione: , 
Trans-5-<4-methoxyphenyl)-2-I2-(1-niethyl-pyrrolidin-2-yl)^thyl]-5,6,1 1,11a- 
tetrahydro -1 H-imidazoti ',5': 1 ,6] pyrido I3,4-blindole-1 .3(2H)-dione; 
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Trans-5-(4-methoxyphenyl)-5,6,1 1 ,1 1a-tetrahydro-1H-imjdazo[1',5':1 ,6) pyrido 
[3.4-b]indole-1.3 (2HHione; 

Ci8-5-(4-methoxyphenyl)-5,6.11,11a-tBtrahydro-1H-lmidazo[r,5':1,6] pyrido {3,4- 
b]indole-1.3 (2H)-dlone; 
5 and pharmaoeutically acceptable salts and solvates thereof. 
Particularty preferred compounds of the invention are: 
(5R.1 1 aR)-2-benzyl-5-(3,4-methylenedioxyphenyl)-5.6.1 1 .11a-tetrahydro-1H- 
imidazo [r.5':1 ,6]pyrido[3,4-blindole-1 .3(2H)-dione: 
Cis-2-cyclohexyl-5-(4-nr»ethoxyphenyl)-5,6, 11.11 a-tetrahydro-1 H-imidazo 
10 [r,5':1.6l pyrido[3.4-blindol6-1.3(2H)-dlone; 

Trans-2-biJtyl-5-(4-rnethoxyphenyO-5,6,11.11a-tetrahydro-1H-imida2o [1'.5*:1,6] 
pyrido[3,4^]indole-1.3(2H)-dione; 

Cis-2-benzyl-5-(3,4-fnethylenedioxyphenyl)-5,6. 11.11 a-tetrahydro-1 H-imidazo 
ir,5':1 ,6]pyridol3.4-bIindole-1.3(2H)-d«one; 
1£) and phamiaoeutically acceptable salts and solvates thereof. 

It has been shown that compounds of the present invention are potent and 
' selective inhibitors of cGMP specific PDE. Thus, compounds of fomiula (I) are 
of interest for use in therapy. ' specifically for the treatment of a variety of 

20 conditions where inhibition of cGMP specific PDE is thought to be beneficial. 

As a consequence of thej se le c t i ve PDE V inhibition o yh i bit o d b y^-compnunriR 
of the present invention, cGMP levels are elevated, which in turn can give rise to 
beneficial anti-platelet anti-neutrophil, anti-vasospastic, vasodilatory, natriuretic 
and diuretic activities as well as potentiation of the effects of endothelium- 

25 derived relaxing factor (EDRF). nitrovasodilators, atrial natriuretic factor (ANF), 
brain natriuretic peptide (BNP), C-type natriuretic peptide (CNP) and 
endotheiiunvdependent relaxing agents such as bradykinin. acetylcholine and 5- 
HTi. The compounds of fonnula (I) therefore have utility in the treatment of a 
number of disorders, i ncluding stable, unstable and variant (Prinzmetal) angina, 

30 hypertension, pulmonar y hypertension, cong estive heart failure, renal failure, 
atneroscierosis, co nditions of reduced blood vessel patency (e.g." p5st=^ 
percut aneous transluminal coronary anqioolasty). oeriDhera Lvaseulap-dtaease 
vascular di sorders such as Raynaud's disease, inflammatory diseases, stroke, 
bronchitis, chronic asthma, allei^ic asthma, allergic rtiinitis. glaucoma, erectile 
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d ysfunction a nddise ases characterised by disorders of gut motilitv (e.g. irritable 
bowel syndrome). 

It will be appreciated that references herein to treatment extend to 
prophylaxis as well as treatment of established conditions. 
5 It will also be appreciated that "a compound of formula (1)/ or a physiologically 
acceptable salt or solvate thereof can be administered as the raw compound, or 
as a phamnaceuticai composition containing either entity. 

There is thus provided as a further aspect of the invention a compound of 
fomiula (I) for use in the treatment of stable, unstable and variant (Prinzmetal) 
10 angina, hypertension, pulmonary hypertension, chronic obstructive pulmonary 
! disease, congestive heart failure, renal failure, atherosclerosis, conditions of 
reduced blood vessel patency, (e.g. post-PTCA). peripheral vascular disease, 
vascular disorders such as Raynaud's deease. inflammatory diseases, stroke, 
bronchitis, chronic asthma, allergic asthma, allergic rhinitis, glaucoma, erectile 
15 dysfunction or diseases characterised by disorders of gut motility (e.g. IBS). 

According to another aspect of the invention, there is provided the use of a 
com pound of fonnula (I) for the rnanufacture of a m edicament for the treatment 
^ of stable, unstable and v ariant (PrinzmetaQ angina, hypertenston, pu lmonary 
Kypertension. cnr onic opstructive pulnrtonarv disease, cong estive heart^ure; 
20 renaHaiture ^atherosderosis. conditions of reduced blood vessel patency, (e.g. 
po st-PTCA). peripheral vascular disease, v ascular dtenrrtArg such as Raynaud;? 
disease^in flammatory diseases, stroke, bronchitis, c h ronic asthma, alle rgic 

asthma, allergic rtiinife^ ^laucoma. erect iie dysfunction — or — diseases 

cha racterisea Dy dgggeES-Olgut motility (e.g. IBS). 
25 In a further aspect, the invention provides a method of treating stable, 
unstable and variant (Prinzmetal) angina, hypertension, pulmonary 
hypertension, chronic obstructive pulmonary disease, congestive heart failure, 
renal failure, atherosclerosis, conditions of reduced blood vessel patency, (e.g. 
post-PTCA), peripheral vascular disease, vascular disorders such as Raynaud's 
30 disease, inflammatory diseases, stroke, broncbitis.-chronic asthma, allergic 
asthma, allergic rhinitis, glaucoma, ^-'erectile dysfun^^ or diseases 
characterised^ by disorders of gut motility (elg. 1BS) in a Human or non-human 
animal body which comprises administering to said body a therapeutically 
, effective amount of a compound with formula (I). 

i 




• 
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Compounds of the invention may be administered by any suitable route, for 
example by oral, buccal, sub-lingual, rectal, vaginal, nasal, topical or parenteral 
(including intravenous, intramuscular, subcutaneous and intracoronary) 
administration. Oral administration is generally preferred. 

5 For administration to man in the curative or prophylactic treatment of the 
i disorders identified above, oral dosages of a compound of formula (I) will 
generally be in the range of from 0.5-800mg daily for an average adult patient 
(70kg). Thus for a typical adult patient, individual tablets or capsules contain 
from 0.2-400mg of active compound, in a suitable phannaceutically acceptable 

10 vehicle or carrier, for administration in single or multiple doses, once or several 
times per day. Dosages for intravenous, buccal or sublingual administration will 
typically be within the range of from ai-400 mg per single dose as required. In 
practice the physician will detennine the actual dosing regimen which will be 
nK>st suitable for an indhndual patient and it will vary with the age. weight and 

19 response of the particular patient The above dosages are exemplary of the 
average case but there can be individual instances in which higher or lower 
dosage ranges may be merited, and such are within the scope of this invention. 

' For human use. a compound of the fbnnula (I) can be administered alone, but 

will generally be administered in admixture with a phamiaceutical carrier 

20 selected with regard to the intended route of administration and stendard 
phanrtaoeutical practice. For example, the compound may be administered 

' orally, buccally or sublingually. in the form of teblets containing excipients such 
as sterch or lactose, or in capsules or ovules either alone or in admixture with 
excipients, or in the form of elixirs or suspensions conteining flavouring or 

25 colouring agents. Such liquid preparations may be prepared with 
pharmaoeutically accepteble additives such as suspending agents (e.g. 
methylcellulose, a semi-synthetic glyceride such as witepsol or mixtures of 
glycerides such as a mixture of apricot )(emei oil and PEG-6 esters or mixtures 
of PEG-8 and caprylic/capric glycerides). A compound may also be injected 

30 parenterally, for example intravenously, intramusculariy, subcutaneously or 
intracoronarily. For parenteral administration, the compound is best used in the 
fonm of a sterile aqueous solution which may contain other substances, for 
example salts, or monosaccharides such as mannitol or glucose, to make the 
solution isotonic with blood. 

i 
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Thus, the invention provides in a further aspect a phannaoeutical composition 
comprising a compound of the fomiula (I) together with a pharmaceutically 
acceptable diluent or earner therefor. 

There is further provided by the present invention a process of preparing a 
phamnaceutical composition comprising a compound of fbmiula (I), which 
process comprises mixing a compound of formula (I) together with a 
pharmaceutically acceptable diluent or canier therefor. 

A compound of formula (I) may also be used in combination with other 
therapeutic agents ¥»fhich may be useful in the treatment of the above-mentioned 
disease states. The invention ^us provides, in another aspect, a combination of 
a compound of formula (I) together with another therapeutically active agent. 

The combination referred to above may convenientiy be presented for use in 
the form of a pharmaceutical formulation and thus pharmaceutical compositions 
comprising a combination as defined above together with a phannaceutically 
acceptable diluent or canier comprise a further aspect of the invention. 

The individual components of such a combination may also be administered 
eittier sequentially or simultaneously in separate phannaceuticai fonnulations. 

Appropriate doses of known tiierapeutic agents for use in combination with a 
compound of fomnula (I) will be readily appreciated by those skilled in ttie art. 

Compounds of formula (I) may be prepared by any suitable method known in 
the art or by the foltowing processes which form part of the present invention. In 
the methods bek>w R°, r1 and r2 are as defined in formula (1) above unless 
otherwise indicated. i 

Thus, a process (A) for preparing a compound of fomiula (I) comprises 
reacting a compound of formula (II) 



O 




w'rth an isocyanate of fomiula R^-N=C=0, in the presence of a suitable 6rganic 
solvent, such as a ketone solvent, e.g. butanone. acetone or the like, and under 
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reflux for several hours, e.g. 14 to 16 hours. Alk as used herein represents a 
Ci^alkyl group, e.g. methyl. 

Compounds of fonmula (I) may be prepared as individual enantiomers in two 
steps from the appropriate enantiomer of fomnuia (III) or as mixtures (e.g. 
raoemates) of either pairs of cis or trans isomers from the corresponding 
mixtures of either pairs of ds or trans bomers of fomiula (III). 

Individual enantiomers of the compounds of the invention niay be prepared 
from raoemates by resolution using nrtethods known in the art fbr the separation 
of lacemic mixtures into their constituent enantiomers, for exarhple using HPLC 
(high performance liquid chromatography) on a chiral column such as Hypersil 
naphthylurea. 

A compound of formula (II) may conveniently be prepared from a tryptophan 
derivative, such as an alkyi ester fliereof of fomnuia (III) 



(where Alk is as previously defined) or a salt thereof (e.g. the hydrochlonde salt) 
according to either of the following procedures (a) and (b). Procedure (b) is only 
suitable for preparing cis isomers of formula (III) and may be particularly suitable 
for preparing individual cis enanttomers of fomnuia (III) from D- or L-tryptophan 
alkyI esters as appropriate. 

Procedure (a) 

This comprises a Pictet-Spengler cyclisatlon between a compound of fomnuia 
(III) and an aldehyde r2cH0. The reaction may conveniently be effected in a 
suitable solvent such as a halogenated hydrocarbon (e.g. dichloromethane) or 
an aromatic hydrocarbon (e.g. toluene) in the presence of an acid such as 
trifluoroacetic acid. The reaction may conveniently be carried out at a 
temperature of from -20OC to reflux to provide a comp9und of fdmnula (11) in one 
step. The reaction may also be carried out in a solvent such as an aromatic 
hydrocartjon (e.g. benzene or toluene) under reflux, optionally using a Dean- 
Stark apparatus to trap the water produced. 
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The reaction provides a mixture of cis and trans isomers which may be either 
individual enantiomers or racemates of pairs of ds or trans isomers depending 
upon whether raoemic or enanttomericaliy pure tryptophan alkyi ester was used 
as the starting material. Individual ds or trans enantiomers may conveniently be 
separated from mixtures thereof by fractional crystallisation or by 
chromatography (e.g. flash column diromatography) using appropriate solvents 
and eluents. Similarty, pairs of cis and trans isomers may be separated by 
chromatography (e.g. flash column chromatography) using appropriate eluents. 
An optically pure trans isomer may also be converted to an optically pure cis 
isomer using suitable epimerisation procedures. One such procedure comprises 
treating the trans isomer or a mixture (e.g. 1 : 1 mixture) of cis and trans isomers 
with methanolic or aqueous hydrogen chloride at a temperature of from O^^C to 
the refluxing temperature of the solution. The mixture may then be subjected to 
chromatography (e.g. flash column chromatography) to separate the resulting 
diastereoisomers, or in the procedure utilising aqueous hydrogen chloride the 
desired cis isomer precipitates out as the hydrochloride salt which may then be 
isolated by filtration. 

Procedure (b) 

This comprises a four-step procedure from a compound of fomnula (III) or a 
salt thereof (e.g. the hydrochloride salt). The procedure is particulariy suitable 
for preparing a 1R, 3R isomer of formula (III) from a D-tryptophan alkyI ester of 
fonnula (IV) or a salt thereof (e.g. the hydrochloride salt). Thus, a first step (i) 
comprises treating a compound of formula (IV) with an acid halide R^COHal 
(where Hal is as previously defined) in the presence of a base, e.g. an organic 
base such as a trialkylamine (for example triethylamine), to provide a compound 
of formula (IV) 



O 
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The reaction may be conveniently carried out in a suitable solvent such as a 
halogenated hydrocarbon (e.g. dichloromethane) or an ether (e.g. 
tetrahydrofuran) and at a temperature of from -20^C to -^AO^C. 

Step (it) comprises treating a compound of fbmnula (IV) with an agent to 
convert the amide group to a thioamide group. Suitable sulphurating agents are 
well-known in the art. Thus, for example, the reaction may conveniently be 
effected by treating (IV) with Lawesson*s reagent. This reaction may 
conveniently be carried out in a suitable soh^ent such as an ether (e.g. 
dimethoxyethane) or an aromatic hydrocarbon (e.g. toluene) at an elevated 
temperature such as from 40^0 to SO^C to provide a compound of formula (V) 




Step (iii) comprises treating a compound of fomiula (V) with a suitable agent 
to provide a compound of formula |(VI) 



O 




(where Hal is a halogen atom, e.g. iodine). The reaction may conveniently be 
effected by treating (VI) with an alkylating agent such as a methyl halide (e.g. 
methyl iodide) or an acylating agent such as an acetyl halide (e.g. acetyl 
chloride) in a suitable solvent such as a halogenated hydrocarbon (e.g. 
dichloromethane) at an elevated temperature (e.g. under reflux). 

In step (iv) the resulting iminium halide of fonmula (VI) may be treated with a 
reducing agent such as boron hydride, e.g. sodium borohydride. to provide the 
desired compound of formula (II). The reduction may conveniently be effected 
at a low temperature, e.g. within the range of -lOQOC to QOC, in a suitable 
solvent such as an alcohol (e.g. methanol). 
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According to a second process (B). a compound of formula (I) may be prepared 
by reaction of a compound of formula (VII) 



where Alk is as previously defined, with the imidazolide of R^NHj under suitable 
conditions. Compounds of fonmula (VII) are known in the art and may be made 
by standard methods. 

According to a third process (C). a compound of formula (I) where represents 
hydrogen may be prepared by reacting a compound of fonnula (VII) with urea at 
elevated temperature. 

The pharmaceutically acceptable acid addition salts of the compounds of 
fomiula (I) which contain a basic centre may be prepared in a conventional 
manner. For example, a solution of the free base may be treated with a suitable 
acid, either neat or in a suitable solution, and the resulting salt isolated either by 
filtration or by evaporation under vacuum of the reaction solvent. 
Phannaceutically acceptable base addition salts may be obtained in an 
analogous manner by treating a solution of a compound of formula (I) with a 
suitable base. Both types of salt may be formed or interconverted using ion- 
exchange resin techniques. 

Compounds of the invention may be isolated in association with solvent 
molecules by crystallisation from or evaporation of an appropriate solvent. 

Thus, according to a further aspect of the Invention, we provide a process (D) 
for preparing a compound of formula (I) or a salt or solvate (e.g. hydrate) thereof 
which comprises process (A) as hereinbefore described followed by 

i) an interconversion step; and/or either 

ii) salt formation; or 

ill) solvate (e.g. hydrate) formation. 



O 
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The synthesis of the compounds of the invention and of the intermediates for 
use therein are illustrated by the following, non-limiting Examples. 

Intermediates 1 and 2 

Methvl 1 ■2.3.4-tetrahvdrQ-1-r3 4-tTiethYten ediQxypheny»U9H.pyrido[3 A- 
blindole-3-cari3oxvlate. ds and trans isomflfR 

To a stirred solution of racemic tryptophan methyl ester (13 g) and piperonal (9.7 
g) in anhydrous CH2CI2 (300 mL) cooled at OX was added dropwise 
trifluoroacetic add (9 mL) and the solution was allowed to react at ambient 
temperature. After 4 days, the yellow solution was diluted with CH2Ci2 (100 
mL), washed with a saturated aqueous solution of NaHCOs. with water and 
dried over Na2S04. The organic layer was evaporated to dryness under 
reduced pressure and the n^idue was purified by flash chromatography eluting 
with CH2Cl2/MeOH (99/1) to give first Intermediate 1 the ds isomer (6.5 g) m.p. 
: 90-93°C followed by Intermediate 2 . the trans isomer (6.4 g) m.p. : 170'C. 

The following compounds were obtained in a similar manner : 

Intennediates3and4 

Methyl 1 ■2.3.4-tetrahydro -1-f4-mBthoxyphenyh-flH-pyridof3 4-blindQle-3- 
carfaoxvlate. cis and trans isomers 

The same method as employed in the preparation of Intemiediates 1 and 2 but 
starting from racemic tryptophan methyl ester and 4-methoxybenzaldehyde gave 
Intemnediate 3 the cis isomer as white crystals m.p.: 142*0 and Intermediate 4 
the trans isomer as white crystals m.p.: 209-210''C. 

Intermediates 5 and 6 

Methvl 1 .2.3.4-tetrahvdro-1-(2-thienvlV9H-DyridQf3 4.b)indole.3-carboxvlate cis 
and trans isomers 

The same method as employed in the preparation of Intennediates 1 and 2 but 
starting from racemic tryptophan methyl ester and 2-thiophenecarboxaldehyde 
gave Intennediate 5 . the cis isomer as a pale yellow solid m.p. : 134-137°C an4 
Intennediate 6 . the trans isomer as white crystals m.p. rieg^C. 



Intermediate 7 
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E thVl 1 2.3.4-tetrahvdro-1-f4-dimethvlaminophRnylu g H-Dvridor3 A-blindole-3- 
carfaoxviate. mixture of cis and trans ifinmgn^ 

The same method as employed In the preparation of Intermediates 1 and 2 but 
starting from racemic tryptophan ethyl ester and 4-dimethylaminobenzaldehyde 
gave the title compound as white crystals m.p. : 170X. 

Intemiediates 8 and 9 

Methvl 1 ■2.3.4-tetrahvdro-6-fluQrn-W4- methQxyphAnvl\-9H-Dvridof3.4-b]indQle^ 

3- cafboxvlate. cis and trans isomem 

The same method as employed in the preparation of Intennediates 1 and 2 but 
starting from racemic 5-fluoro-tryptophan methyl ester and 4- 
methoxybenzaldehyde gave Intermediate R the cis isomer as a solid 1H NMR 
(CDCI3) 5 (ppm) : 7.4^.8 (m. 8H) ; 5.15 (brs, 1H) ; 3.9 (dd, 1H) 3.8 (s, 3H) ; 3.2- 
2.9 (m, 2H) and intemnediate 9 the trans isomer as a solid m.p. •■^97''C. 

Intennediates 10 and 11 

Methvl 1 ■2.3.4-tetrahvdro-1-^4-chlomph envlWflH-pyridor3 4-b|indnl*>-3- 
carfaoxvlate. cis and trans isomers 

The same method as employed in the preparation of Intermediates 1 and 2 but 
starting from rac^ic tryptophan methyl ester and 4-chlorobenzaldehyde gave 
Intermediate 10. the cis isomer as white crystals m.p. : 208-20g''C and 
Intermediate 11. the trans isomer as white crystals m.p. : 108-109''C. 

Intermediates 12 and 13 

Methvl 1 ■2.3.4-lBtrahvdro-1-f4-trifluoromethvtphenvlv.9H. pvridor3 4-b]tndoie-a- 
carboxvlate. ds and trans isomers 

The same method but starting from racemic tryptophan methyl ester and 

4- trifluoromethylbenzaldehyde gave Intermediatt? 12 the cis isomer as pale 
yellow crystals m.p. : 190'C and Intermediate 13 the trans Isomer as pale 
yellow crystals m.p. : 203''C. 

intemiediates 14 and 15 , 

Ethvl 1 ■2.3.4-tetrahvdro-1-(4-cvanQDhenvn-9H-pyrido[3 4-blindore-3-cart^nify iatP 
cis and trans isomers 
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The same method but starting from racemic tryptophan ethyl ester and 
4-cyanobenzaldehyde gave Intermediate 14 the cis isomer as white crystals 
m.p. : aoO'C and Intaimediate 15. the trans isomer as white crystals m.p. : 
156'C. 

Intermediates 16 and 17 

Ethvl 1 ■2.3.4^trahvdrQ-1-f4-nitroDhenvtV.9H-pyridoT3 A.blindole-3-caffaQxylate 

Cis and trans jsomers 

The same method but starting from racemic tryptophan ettiyl ester and 

4- nitrobenzaldehyde gave Intermediate ifi the ds isomer as yellow crystals 
m.p. : 168X and Intemiediate 17 the trans isomer as yellow crystals m.p. : 
195"C. 

Intermediates 18 and 19 

Ethvl 1.2.3.4-tetrahvdro-1-f3-ovridvlU9H-Dvridof3.4-b]lndole-3-cafboyylate ds 

and trans isomers 

The same method but starting from racemic tryptophan ethyl ester and 

5- pyridinecartMxaldehyde gave intermediate 18 the cis isomer as pale yellow 
crystals m.p. : 230-232X and Intennediate 1fi. the trans isomer as white 
crystals m.p. : 210-214*C. 

Intermediates 20 and 21 

Ethyl 1.2.3.4-tetrahYdro-W3-thienvlV.aH-pyridQy3.4-b]in dole.3^rbQxylate ds 

and trans isomere 

The same method as employed in the preparation of Intemnediates 1 and 2 but 
starting from racemic tryptophan ethyl ester and 3-thiophenecarboxaldehyde 
gave intermediate 20 . the cis isomer as white crystals m.p. : 130°C and 
Intennediate 21 . the trans isomer as white crystals m.p. :182-184''C. 

! 

Intemiediate 22 

Methvl 1 ■2.3.4-tetrahvdrD-1-f3-furvlV.9H-Dvridor3.4-b1lndole-3-carbQxylate 
mixture of ds and trans isomers , 

The same method but starting ifrom racemic tryptophan methyl ester and 
3-furaldehyde gave the title compound as a yellow solid m.p. : 130*'C. 
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Intermediates 2a and 

f1R.3R>-Methvl 1.2.3.4-tetrahvdro-1^3 4-mftth vtenedinyyph«nvn-9H-DXfririn[a A. 
blindole-S-carfaoxvtatft ri s isomer and 

f1S.3RVmBthvl12.34-tetrahvdro-1-r3.4-metKylenerii Q xvDheriviUflH. pyri^^^ 
5 b1indole-3-cart>oxylate frang igninftp 

i To a stirred solution of D-tryptophan methyl ester (1 1 g) and piperonal (7.9 g) in 
j anhydrous CH2CI2 (400 mL) cooled at O'C was added dropwise trifluoroacetic 
add (7.7 mL) and the solution was allowed to react at anibient temperature. 
After 4 days, the yellow solution was diluted with CH2CI2 (200 mL) and washed 
10 with a saturated aqueous solu^on of NaHCOs. with water (3x200 mL) and 
dried over Na2S04. The organic layer was evaporated under reduced pressure 
and the residue was purified by flash chromatography eluting with 
dichloromethane/ethyl acetate (97/3) to give first Intemiftdiatft 9a the cis isomer 
(6.5 g) m.p. : 154X followed by intermediate 94 the trans isomer (8.4 g) m.p. : 

15 188"C. 

1 

I 

Intermediate 9fi 

: EttlYl1. 2 .3.4-tetrahYdrfr^ethvl-lH>henvl-flH-DvridQr3 4Aiiriri oie.3^^ 

cts and trans isnrnt^ 

20 To a Stirred mixture of racemic 5-methyl-tryptophan (4 g) in 1N H2SO4 (18 mL) 
1 and water (54 mL) was added benzakJehyde (2 mL) and the solution was 

heated at 80"C under N2 for 48 hours.The precipitated product was collected by 
I filtration, washed with water and dried.The crude acid (4.5 g) was then dissolved 
i in ethanol (100 mL) and the solution was cooled at -lOX.Tliionyl chloride (1.2 
25 mL) was added dropwise to the solution and the mixture was heated at 60'C for 
\ 48 hours.The solvent was removed under r^uoed pressure and the residue 

was taken up in ice water and basified with NH40H.The precipited compound 
* was washed with water, dried and purified by flash chromatography eluting with 
^ dichloromethane/methanol (98/2) to give first the cis isomer (1.7 g) m.p. : 128- 
30 1 30''C, followed by the trans isomer (0.53 g) m.p. : 1 98-200°C. 

Intermediate 26 , 

I Ethvl 1 ■2.3.4-tetrahvdrD*6-bromQ-1 -Dhenyl-9H.pyridof3 4-b1indnift-a- carboxylate 
[ cis and tran s isomers 

i 
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The same procedure as described in the preparation of Intemnediate 25 but 
starting from racemic 5-biomo-tryptophan and benzaldehyde gave the cis 
isomer as white crystals m.p.: 157-160X and the trans isomer as white crystals 
m.p. : 212-216'C. 



Intemnediate 27 

Methyl 1 .2 3.4-tetrahydro-1-r3:chtQmphftnyn-9H-pyrid of3 4-blindQle.3- 
caffaoxvlate. mixture of ds and trans isoman; 

The same method as employed in the pr^aration of intermediate 1 and 2 but 
starting from racemic tryptophan methyl ester and 3-chlorobenzaldehyde gave 
the titie compound as white solid m.p.: 150-1 SOX. 

Intemnediate 28 

Methyl 1 2.3.446trahydro-1-f4-fluorophe nyl)-9H-pyridQ[3 4-b]indole-3- 
carfaoxylate. ds and trans isomers 

The same meUiod as employed in the preparation of intermediate 1 and 2 but 
starting from racemic tryptophan methyl ester and 4-fluorobenzaldehyde gave 
ttie cis isomer as white crystals m.p.: 92''C and the trans isomer as pale yellow 
crystals m.p. ilSS^C. 

i 

tntermedlate 29 

Methyl 1 ■2.3.4-tetrahydro-1-f4-hydroxyphenyl^H-pyridQ(3.4.b]indole-3- 
carfaoxylate. trans isomer 

To a stirred solution of racemic tryptophan methyl ester (3 g ) and 4- 
hydroxybenzaldehyde (1.84 g) ip anhydrous dichloromethane (50 mL) cooled at 
0^*0 was added dropwise trifluoroacetic add (1.27 mL) and the solution was 
allowed to react at ambient temperature. After 22 hours, the solution was 
washed with a saturated solution of NahlCOs, then with water, dried over 

j 

Na2S04 and evaporated to dryness. The residue was purified by flash 
chromatography eluting vinth ethyl acetate to give the title compound (3.48 g) as 
^an off-white solid m.p.: 233-235"C. 

• i 

Example 1 j 
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Cis-2-benzvhS-f 3.4-methvlenedioxvnhftnvi^-s e 1111 a.t « trahvdm-i H-imirtgy ff 
ri'.5':1 ■6lDvridor3.4-bltndole-1 ■3f2HWiiofie and 

Tians-2-benzvl-5-f3.4-fnethvlenedioxyphenvlV.5fi 11 H a-tetrahyrfm-IH-lmiriazn 
rr.5':1 ■6lDVridor3.4-bTindQle-1 3(2HW<ione 

To a stirred solution of a mixture of ds and trans isomers of Intermediates 1 
and 2 (1g. 2.85 mmol) in 2-butanone (50 mL) was added dropwise benzyl 
isocyanate (0.37 mL, 2.99 mmol) and the mixture was refluxed for 15 hours. The 
solvent was then removed under reduced pressure and the residue was purified 
by flash chromatography eluting with toluene/ethyl acetate : 85/15 to give first, 
the trans Isomer (240 mg) as white crystals after recrystallisation from diethyl 
ether, m.p. : 208-21 0*C. 
Analysis for C27H2iN304 : 
Calculated: C,71 .83:H.4.69;N.9.31 ; 
Found:C,71 .46;H,4.77:N,9.24%. 

and followed by the ds isomer (470 mg) as white crystals after recrystallisation 
from ethanol. m.p. : 159-161"C. 
Analysis for C27H21N3O4 : 
Calculated: C.71.83;H.4.69:N,9.31: 
Found:C.71 .79:H.4.80;N,9.09%. 

Example 2 

Cis-5-f4-methoxvphenvl>-2-methvl-5.6.11.11a-tetrahyrir o-lH-imida7o [V fi] 
Dvridor3.4-bTindol6-1 ■3(2H)-dione 

The same method as employed in the preparation of Example 1 but starting 
from Intennediate 3 and methyl isocyanate gave after recrystallisation from 
ethanol, the title compound as white crystals m.p. : 233-240''C. 
Analysis for C2iHtgN303 : 
Calculated: C,69.79;H.5.30;N,11.63; 
Found:C,69.63:H.5.29;N.1 1.68%. 

Example a 

Cl6-2-ethvl-5-f4-methQXVDhenvl)-5.6.11.11a-tetrahydrQ-1H-imtda7n[1' R] 
DvridoT3.4-b]indole-1 ■3r2H^-dione and 
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Trans-2-ethvl-5-r4-methoxvDhenvlV.fi 6 11 lia-tetrahyriro-lH-imidazorr S'-1 fi] 

Dvridor3.4-b1indole-1 .3f2HVdiQne 
The same method as employed in the preparation of Example 1 but starting 

from a mixture of Intermediates 3 and 4 and ethyl isocyanate gave the cis 
5 isomer as white crystals after recrystallisation from ethanol m.p. : 21 0-220'C. 
' Analysis for C22H2iN303 : ! 
I Calculated: C.70.38;H,5.64;N,1 1.19; 
I Found:C,69.97;H,5.71:N,10.83%. 

I ; ■ ■ 

10 and the trans isomer as white aystals after recrystallisation from 2-propanol 

i m.p. : 245-248"C. 

Analysis for C22H2iN303 : 

, Calculated: C,70.38;H,5.64;N.11.19: 

' Found:C.70.28:H.5.76:N.11.22%. 
15 

Example 4 

Trans-2-ethvl-5-f3.4-methvlenedioxvphftiiylV.5.6.11 tla-t etrahydro-l H-jmidago 
[ rr.5':1.6lDvridor3.4-b^indole.1.3f2HWtinnft 

The same method as en^loyed in the preparation of Example 1 but starting 
20 from the Intemiediate 2 and ethyl isocyanate gave after recrystallisation from 
! ethyl acetate/hexane, the titie compound as white crystals m.p. : 238"C. 
Analysis for C22H19N3O4: 
Calculated: C.67.86:H.4.92;N.10.79; 
I Found:C,68.32:H.4.90;N.10.90%. 
25 

Example 5 i 

Trans-2-ethvl.5-f2-thienvlV5.6.1 1 .1 1 a-tetra hvdro-1 H-lmidazoH'-SM .6] pyrido 
[3.4-blindole-1 3<2HVdlone | 
j The same method as employed In the preparation of Example 1 but starting 

3d from Intermediate 6 and ethyl isocyanate gave after recrystallisation from 
2-propanol, the titie compound as white crystals m.p. : 242-248°C. 
Analysis ior C19H17N3O2S : ^ 
< Calculated: C.64.04;H.4.88;N.i1 1.96; 
. Found:C.64.79;H,5.00:N.11.8^%. 
35 

! 



wo 96/32003 



PCr/EP96/03023 



22 

Example 6 

Tran8-5-f4-dimethvlaminQDhenvl)-2-ethvl-s 6.11 1 ia.tetfa h vdrft.iH-imiria7^^ 

fr.5':1.eiPVfldQf3A-b1inrtnlfl-1 ^0»)^yjnp, 

The same method as employed in the preparation of Example 1 but starting 
from a mixture of cis and trans isomers of Intennediate 7 and ethyl isocyanate 
gave after recrystaliisation from methanol, the title compound as white crystals 
m.p. : 262-265"C. 
Analysis for C23H24N4O2 : 
Calculated: C.71.11;H.6.23:N.14.42; 
Found:C,71 .01 ;H.6.29:N.14.49%. 

Example 7 

Tran8-2-but^rt-9-l1lethvl-5.Dhenv^-S■e 11 lla-tetfahyrirrvl H-imidagofr fi| 
Dvridor3 4-b)indQte-1.3(2H\-dlQnft 

The same method as employed in the preparation of Example 1 but starting 
from the trans isomer of Intermediate 25 and butyl isocyanate gave after 
recrystaliisation from diisopropyl ether, the titte compound as white crystals m.p. 
: 196-198'C. 
Analysis for C24H2sN30^ : 
Calculated: C.74.39;H.6.50;N.10.84; 
Found:C.74.38:H.6.52:N.10.63%. 

Example 8 

Tran8-9-bromo-2-butvl-5-Dhenvl.5B 11 11a-tetrahvdro-1H. imidagof1' S'1 fi] 
DVridQr3 4-b]indole.ia(2HWIione 

The same method as employed in the preparation of Example 1 but starting 
from the trans isomer of Intermediate 26 and butyl isocyanate gave after 
recrystaliisation firom diisopropyl ether, the title compound as white crystals m.p. 
: 207-21 0'C. 

Analysis for C23H22BrNs02 : 

Calculated: C.61.07;H.4.90:Br,17.66:N.g.29: 

Found:C.61 .28;H,4.95;Br.17.53:N.9.10%. , 

Example 9 
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Cis-2-buM-5-f4-methoxvDhenvlV5 6 1 1 1 1a-tP.tra hvdro-1H-tmidazo fl' 5'r1 6] 
pvridof 3.4-b]indole-1 ■3f2HWlione 

The same method as employed in the preparation of Example 1 but starting 
from the Intermediate 3 and butyl isocyanate gave after recrystaliisation from 
5 methanol, the title compound as white crystals m.p. : 220-225X. 
\ Analysis for C24H25N3O3 : . 
i Calculated: C.71.44;H.6.25;N.10.41; 
Found:C,71 .56:H,6.23;N,10.36%. 

1p Example 10 

i Trans-2-butvl-S44-methQ)tvDhenvl\-S e 111 la-tetrahydro -l H-imidagft f r S'-l fi] 

pyridof3.4-blindole-1 ■3(2HHione 
^ The same method as employed in the preparation of Example 1 but starting 

from the Intermediate 4 and butyl isocyanate gave after recrystaliisation from 
1 5; ethanoi/water, the title compound as white crystals m.p. : 1 73-174''C. 
! Analysis for C24H25N303 : 

Calculated: C.71.44;H.6.25;N, 10.41; 
j Found:C,71.53;H.6^0;N.10^8%. 

20 Example 11 

Cis-2-butvl-9-fluoro-S-f4-methoxvDhenvlVS.6.1 1 1 la-te trahvdro-l H-imiriayn 
rr.5':1 .61 DyridofS 4-blindot6-1 3(2HVdione 
The same method as employed in the preparation of Exampte 1 but starting 
; from Intermediate 8 and bufyl eocyanate gave after recrystellisation from 
25 methanol, the title compound as white crystels m.p. : 125-130X. 
i Analysis for C24H24FN303 (O.3H2O) : 
Calculated: C,67.53;H,5.81;N,9.84; 
I Found:C,67.19;H.5.74,N.9.85%. 

30 Example 12 

Trans-2-butvl-9-fluorQ-S-f4-methoxvDhenvh-5.6.1 1.11a-tetrahvdrQ-1H-imiria7n 
f r 5':1 ,6] pyrido[3 4-b]ipdole-1 .3(2H)-dione 

J 

i The same method as employed in the preparation of Example 1 but starting 

35 from the Intemriediate 9 and butyl isocyanate gave after recrystaliisation from 
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dlisopropyl ether/pentane, the title compound as white crystals m.p. • 187- 
189X. 

Analysis for C24H24FN303 : 
Calculated: C,68.39:H,5.74:N,9.97; 
Found:C,68.61 ;H.5.71 ;N.10.04%. 

t 

Example 13 ^ 
Tfans- 2 -butvl-5-(3.4-methvtenedioxvDhenviV5 6 1 1 1 1 a-t e trahydm-i H-imiriay p 

fr.5':1.61 DVridora 4-b^indolft- 1 3f2HW<iftnft 

The same method as employed in the preparation of Example 1 but starting 
from Intermediate 2 and butyl isocyanate gave after cBcrystallisation from 
2-propanol. the title compound as white crystals m.p. : 152*0. 
Analysis for C24H23N304: 
Calculated: C.69.05;H,5.55;N.10.07; 
Found:C.68.93;H.5.49;N.9.99%. 

Example 14 

Cls-2-bUtVl-S-(3-ChlQrODh6nvlUS6 11 11a-tetr q hvdro.1H.imiri^2orr.S':1 6]pyridn 
r3.4-bTlndote-1 af2HW<ion«> anri 

Trans- 2 -butvl-5-f3K;hlQrophenvlVS.6.ii.iia46tmhvrirn-iH-i r nida7oTi'S'-ifii 

DVrido r3.4-blindol6-1 ar2HW<inn>. 

The same method as employed in the preparation of Example 1 but starting 
from a mixture of cis and trans isomers of intemiediate 27 and butyl isocyanate 
gave the ds isomer as pale yellow crystals after recrystalfeation from diethyl 
ether/cyclohexane m.p. : 215-217"C. 
Analysis for C23iH22CIN302 : 
Calculated: C,67.73:H,5.44;CI,8.69:N,10.30; 
Found:C.67.62;H.5.49;CI.8.59;N,10.03%. 

and the trans isomer as white crystals after recrystalllsation from ethanol m.p. : 
207-209°C. 

Analysis for C23iH22CIN302 : 

Calculated: C.67.73;H.5.44;CI,8.69;N,10.30; 

Found:C,67.60;H,5.41;CI,8.77;N,10.20%. 
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Example 15 

Cis-24)utvl-544-chloroDhenvl^S.6.11 11a 4etrahydro-1H-imida2Q fr 5'-1 fi] 
Dvrido r3.4-blindole-1 3(2HWiinn«» 

The same method as employed in the preparation of Example 1 but starting 
5 from Intermediate 10 and butyl isocyanate gave after recrystallisation from 
methanol, the titie compound as pale yellow crystals m.p. : 252''C. 
Analysis for C23H22CIN302 : 
I Calculated: C.67.73:H,5.44;CI.8.69:N,10.30; 
j Found:C.67.60:H.5.44;CI.8.55:N.10.30%. 
10 

Example 16 

Trans-2-butvl-5-f4^lorQDhenylV5 6 11 11a-tetfahydfQ.1H- imidagofr5'-iei 
pvridoT3.4-b1lndole.1 ■3(2HVdione 
The same method as employed in the preparation of Example 1 but starting 
15 from Intermediate 11 and butyl isocyanate gave after recrystallisation from 
methanol, the title compound as pale yellow crystals m.p. : 174*'C. 
Analysis for C23H22CIN302 : 
[ Calculated: C.67.73;H.5.44:CI.8,69:N.10.30: 
Found:C.67.75;H,5.49;CI.8.75:N.10.46.% 

20 

Example 17 ; 
i Trans-2-butvl-5-f4-fluorQDhenvl^-5.6.11.11a-tetrahvdro-1H -imidazofr5':1 6] 

pyrido r3.4-b1indole-1.3(2H).dione 
: The same method as employed in the preparation of Example 1 but starting 

25 from the trans isomer of Intemnediate 28 and butyl isocyanate gave after 
^ recrystallisation from 2-propanol, the title compound as pale yellow crystals m.p. 

:242X. I 

' i 

i Analysis for C23H22FN3O2 : j 

Calculated: C,70.57;H.5.66;F.4.85;N,10.73; 
30 Found:C.70.57;H.5.63;F,4.66:N.10.83%. 

Example 18 

Trans-2-butvl-S-(4-hvdroxvphenvlV-S.6.1 1.1 1a-tetrahyd ro-1 H-lmidazo[1 ' 5'r 1 6] 
pyrido [3.4-b]indole-1.3^2HWiione{ 

i 
I 
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The same method as employed in the preparation of Example 1 but starting 
from Intemiediate 29 and butyl isocyanate gave after recrystallisation from 
2-propanolAwater, the title compound as white crystals m.p. : 259'C. 
Analysis for C23H23N303 : 
Calculated: C.70.93;H.5.95:N,10.79; 
Found:C,70.41 ;H.6.04;N,10.63%. 

Example 19 

CIS-2-bUtvl-5-^4-triflUOromethvlDheriyi)-SR 1 1 11a-tAhahydro-1H.imiHayn 
rr.5':1.6lDVridor3 4-b^indolA-1.3f2HWIinn«> 

The same method as employed in the preparation of Example 1 but starting 
from Intermediate 12 and butyl isocyanate gave after recrystallisation from 
methanolAMater, the titte compound as pale yellow crystels m.p. : 232'C. 
Analysis for C24H22F3N3O2 : 
Calculated: C,65.30;H.5.02;F.12.91 :N,9.52: 
Found:C.65.29;H.5.05:F.12.56:N.9.37%. 

Example 20 

C i 8- 2 -butvl-S-(4^anoDhenvlWS.6.l 1 .iia4fthahvdfo-i HJmi rt azofr sm fi] pynrin 

r3 4-b1inrinlA-1 ar^Hy^inno 

The same method as used in the preparation of Example 1 but starting from 
Intermediate 14 and butyl isocyanate gave after recrystellisatlon from 
2-propanol, the title compound as white crystals m.p. : 260"C; 
Analysis for C24H22N4O2 : 
Calculated: C.72.34;H,5.57;N.14.06: 
Found:C.72.30:H.5.59:N. 14.08%. 

Example 21 

Trans-2-blJtvl-S-(4-cvanoDhenvh-5.6.1 1 .lla-tetrahydrn-i H-imidagofr S' 1 ft] 
DVridof3.4-blindole-1 .SfgHWiione 

The same method as employed In the preparation of Example 1 but starting 
from Intemiediate 15 and butyl isocyanate gave after recrystallisation from 
diethyl ether/cyclohexane, the ^le compound as white crystels m.p.-: 1 SS'C. 
Analysis for C24H22N4O2 : 



wo 96/32003 PCT/EP96/I)3023 



27 

Calculated: C.72.34;H,5.57:N,14.06; 
Found:C.72.40;H.5.56:N.1 3.95%. 

Example 22 

5 Cls-24)iiWI-5-(4-^itroDhenvlV5.e.11.11a^fitr qhvdro-1H-imid^ 
r3.4-bllndol6-1 3f2HW<ione and 

Tfan8-2-butvl-5-/4-nitrQDhenvlW5 e 11 lla-tetrahydro-IH- imidagoflVSM fi] 
Dvridor3.4-blindQle-1 3/2HVdinne 

I The same method as employed in the preparation of Example 1 but starting 
10| from a mixture of intennediates 16 and 17 and butyl isocyanate gave the as 
I isomer as yellow crystals after recrystallisation ftom methanol m.p. : 236''C. 

Analysis for C23H22N4O4 : 
I Calculated: C.66.02:H.5.30:N.13.39: 

Found:C.65.82:H.5.3e;N,13.25%. 

16 

and the trans isomer as yellow crystals alter recrystallisation from 2-propanol 
m.p. : 206"C. 
i Analysis for C23H22N4O4 : 

Calculated: C,66.02;H,5.30;N,13.39; 
20 Found:C.66.12;H,5.38:N.13.28%. 

Example 23 

CiS-2-butvl-5-f3.r)vridvlWS.6.1 11 1a-tetrahyrirn.1H-imidayQf1Vfi ':1 eiovrido f3 4-h] 
indole.1.3f2HVdlonfl 

25| The same method as employed in the preparation of Example 1 but starting 
i from Intennediate 18 and butyl isocyanate gave after recrystallisation from 
; 2-propanol, the title compound as Vvhite crystals m.p. : 257-263"C. 
i Analysis for C22H22N4O2 : 
, Calculated: C.70.57;H,5.92:N,14.9$; 

30 Found:C.70.38;H,6.07:N,14.88%. 



Example 24 



Cis-2-butyl-5-{3-thienyl)-5.6.1 1.11s 


-tetrahvdro-l mmida7of 1' 5*:1 S^ovrirlo f3,4- 


Windole-1 .3(2H)-dlone and 





i 
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TranS-2-blJtVl-5-(3-thienvlV-5.6.1 1 1 la-tetrahydrn-l H -imtdagofl' fi'-1 , fi] 
Pvridor3.4-b1indole.1 3f2H^-dinnft 

The same method as employed in the preparation of Example 1 but starting 
from a mixture of Intermediates 20 and 21 and butyl isocyanate gave the ds 
isomer as white crystals after recrystaliisation from 2-prDpanol m.p. : 219-221 'C. 
Analysis for C21H21N3O2S : 
Calculated: C.66.47:H.5.58:N,11 .07:8.8.45; 
Found:C.66.1 3;H,5.68;N.1 1 .00;S.8.27%. 

an0 the trans isomer as white crystals after recrystaliisation from ethyl acetate 

m.p. : 240-242-C. 

Analysis for C21H21N3O2S : 

Calculated: C,66.47:H,5.58:N,11 .07;S.8.45; 

Found:C.66.68;H.5.69:N.1 1 .05;S.8.56%. 

Example 25 

CiS-2-4)Uhd-5-f3-funrt^-5.6.11.11a4etrahydin-1H4midayntr S':16lpyridn 
blindole-1.3(2HWiionB and 

Trans-2-butvl-5-f3-furvlV5.6 11 11a4Btrahy drD-1H-imidayofr.5'!l 6] pyridnp A. 
blindole-1.3f2HVdionB 

The same method but starting finom a mixture of cis and trans isomers 
Intennediate 22 and butyl isocyanate gave the cis isomer as white crystals after 
recrystallisatton from toluene m.p. : ISS-ieO'C. 
Analysis for C2iH2iN303 : 
Calculated: C,69.41;H.5.82:N.il.56: 
Found:C.69.44:H.5.86:N.1 1 .52%. 

and the trans isomer as pale yellow crystals after recrystaliisation from ethanol 
m.p. :215-219''C. 
Analysis for C2iH2iN303 : 
Calculated: C.69.41;H.5.82;N, 11.56; 
Found:C.69.43:H,5.73:N.^ 1 .46%. 

j 

Example 26 j 
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Cis-2-cvdQhexvl-S-(4-methoxvDhenvtV5 6 1 1 1 1a-tetrahvdro-1 H-imidazo 
f1'.5':1.61 Dvridof3.44>lindote-1 3f2m-dionft anri 

Tfans-2-cvdohexvl-S-f4-methQxvDhenvlUS e 1 1 1 la-tetfahvdm-l VUmtd»7n 
rr.S':1.61 Dvridor3.4-blindote.1 af2HW<innp 
5 The same method as employed in the preparation of Example 1 but starting 
'■■ from a mixture of Intemiediates 3 and 4 and cyclohexyl Isocyanate gave the cis 
isomer as white crystals after recrystallisation from ethanoi m.p. : !250-260''C. 
Analysis for CisHTrNsOa : 
Calculated: C,72.71;H,6.34:N,9.78; 
10 Found:C,72.73:H.6.39:N.9.63%. , 

and the trans isomer as white crystals after recrystallisation from 2-propanol 
j m.p. : 265-269'C. 
! Analysis for C26H27N3O3 : 
15 Calculated: C,72.71:H.6.34;N.9.78; 

Found:C.72.82:H.6.38:N.9.69%. 

I Example 27 

Cia-2.cvdoh6xvl.9.fluorD-S-r4-methQyyphftnyl>-5 e 1 11 1a-tetrahydro.i H- 
20 imidazofr.5':1.6]pyridor3.4-bli ndote-1.3/2HWiiQne 
i The same method as employed in the preparation of Exempli 1 but starting 
i' from Intermediate 8 and cyclohexyl isocyanate gave after recrystallisation from 
methanol, the title compound as white crystals m.p. : 275-278''C. 
Analysis for C26H26FN3O3 : 
25 Calculated: C.69.78;H.5.86:N.9.39; 
! Found:C.69.75;H,5.85:N.8.96%. 

1 

j Example 28 

Trans-2-cydohexyl-9-fluoro-5-^4-methoxyphenyh-5.6-1 111 a-tetrahydro-l H- 
30 imidazofr.S'rl .6] pyrido[3.4-b]indole-1 ■3^2H^-dione 

The same method as employed in the preparation of Example 1 but starting 
from Injtermediate 9 and cyclohexyl isocyanate gave after recrystallisation from 
' ethanoi, the title compound as vAvte crystals m.p. : 265-267'C. 
I Analysis for C26H26FN3O3 : 
35 Calculated: C.69.78;H.5.86;N.9.39; 
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Found:C.69.71 ;H.6.91 ;N.9.37%. 
Example 29 

Trans-2-benzv^5-nhftnv^-5.6■11.11a-tfttrahvriln-^HJmM azofr 

5 blmdole.1 3f2HVdinr« 

I The same method as employed in the preparation of Example 1 but starting 

I from trans methyl 1,2,3.4-tetrahydro-1-phenyl-9H-pyrido[3.4-bIindole-3- 
carboxylate^ and benzyl isocyanate gave after recrystailisation from diethyl 
ether, the title compound as white crystals m.p. : 200-202X. 

10 Analysis for C26H21N3O2 : 

( Calculated: C,76.64;H,5.19;N.10.31; 
Found:C.76.75:H,5.18;N.10.23%. 

j 1. Cook J., Sandrin J. and Soerens D., Heterocycles. 4. no. 7. 1249 - 1255 
(1976). 

15 

Example 30 

Cls-2-l>eflzvl-S44-methoxvDhenvlV.5 B 11 Ha-tetr ahydro-lH-imidazofl' S' 1 R] 
I DVrido r3.4-b1indQle-1 3r?H)^inm> 

\ The same method as employed in the preparation of Example 1 but starting 

20 from Intermediate 3 and benzyl isocyanate gave after recrystailisation from 
I ethanol, the titie compound as pale yellow crystals m.p. : 240-243'C. 
I Analysis for Cz/HzaNjOs : 

Calculated: C.74.13;H.5.30;N,9.60: 

Found:C.74.13:H.5.31:N,9.58%. 

25 

j Example 31 

Trans- 2 -benzvl-S-(4-methQxvphenvn-5.6 1 1 .1 la-tetrahyrir o -i H-imida7ofr v i a] 
I DVrido r3.4-bllndole-1.3f2H^-dionft 

■ The same method as employed in the preparation of Example 1 but starting 

30 from Intemfiediate 4 and ber^i isocyanate gave after recrystailisation from 
2-propanol, the titie compound as white crystals m.p. : 208-212"C. 
Analysis for C27H23N303 : 
' Calculated: C,74.13;H,5.30;N,9j60; 
Found:C.74.25:H.5.47;N.9.49%|. 

35 • 

i 
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Example 32 

fSR.1 1am-2-benzv^5-f3■4-methvlenedioxvDhenyl^-S R 1 1 .1 1a-tetrahydrn-1 H- 
imidazorr.S':1.6lDvridor3.4-b1indote-13r2H\-ritnn^ 

The same method as employed in the preparation of Example 1 but starting 
from Intemiediate 23 and t)enzyi isocyanate. gave after recrystaliisation toluene, 
the title compound as white crystals m.p. : 145'C. 
Analysis for C27H2iN304 : 
Calculated: C.71 .83;H.4.69;N.9.31 ; 
Found:C.71 .47;H,4.74;N,9.28%. 

Example 33 

Trans-2-benzvl-5-(4-hvdroxvDhenvl^-5.6.1l .1 la-tetrahydro -i H-imidazo [1* 5':1 6] 
pyrido [3.4-b]indole-1 ■3(2H)-dione 

The same method as employed in the preparation of Example 1 but starting 
from Intermediate 29 and benzyl isocyanate gave after recrystaliisation from 
methanol, the title compound as white crystals m.p. : 268-272''C. 
Analysis for CjeHjiNsOa : 
Calculated: C.73.74:H,5.00;N.9.92: 
Found:C,73.63;H,5.09;N,10.02%. 

Example 34 

Trans-2-f2-chloroethvn-5-f4-methoxvDhenylW5 6 1111 a-tetrahydr o-1 H-imidazo 
fr.5':1.6lDvridof3.4-blindole-1.3r2m^ione 

The same method as employed in the preparation of Example 1 but starting 
from Intermediate 4 and 2-chloroethyl isocyanate. gave after recrystaliisation 
from diethyl ether/hexane. the title compound as white crystals m.p. : 218- 
219''C. 

Analysis for C22H20CIN3O3 : 

Calculated: C,64.47;H,4.92;CI.8.65;N,10.25: 

Found:C,64.44;H.4.98:CI,8.81:N,10.20%. 

Example 35 

Cis-2-benzyl-5-cyclohexyl-5.6.1 1 .1 1a-t etrahydro-1 H-imidazofl'-S'-l fj] 

pyrlilp[3.4-Mlndole-1 .3(2H)-dipne 

The same method as employed in the preparation of Example 1 but starting 
from cis methyl 1.2,3,4-tetrahydro-1-cyclohexyl-9H-pyrido[3.4-bIindole-3- 
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carboxylate^ and benzyl isocyanate gave after recrystalllsation from methanol 

the title compound as white crystals m.p. : 170-173X 

Analysis for C26H27N302 : 

Calculated: C,75.52:H.6.58:N.10.16: 

Found:C.75.63;H.6.48;N.9.75%. 

1 . Cook J., Sandrin J. and Soerens D., Heterocycles. 4. no 7. 1249-1255 
(1976). 



I Example 3fi 

jlO TranS-2-benzvl-SKa^dohexvl-S fi 11 11a-tetrahy d rD.1H-imtriaynfr 1^' 1 fi ] 
[ DVridQr3.4-b1indole-1 3f2HWtiftnA 

The same method as employed in the preparation of Example 1 but starting 

from trans methyl 1,2.3,4-tetrahydro-1-cyclohexyl-9H-pyridoI3,4-blindole-3- 
I carboxylate and benzyl isocyanate gave after recrystalllsation from methanol 
15 the title compound as white crystals m.p. : 130-1 35'C. 

Analysis for C26H27N302 : 
1 Calculated: C,75.52;H,6.58:N.10.16: 

Found:C,75.74:H.e.67;N,9.94%. 
i 1 . Cook J., Sandrin J. and Soerens D., Heterocydes. 4, no 7, 1249-1255 
20 (1976). 

^ Example 37 ^ 

i Trans-2-butvl-S-phenvl-5.6.1 1 1 lia-tBtrahyrim-iH-imidaynTr s' - i einvridop a. 

b1indole-1 3f2HW<lftnft 

25 The same method as empbyed In the preparation of Example 1 but starting 
I from trans methyl 1,2.3,4-tBtrahydro-1-phenyl-9H-pyrido[3.4-blindole-3- 
. carboxylate and butyl isocyanate gave after recrystalllsation from 2-propanol. 

the title compound as white crystals m.p. : 240-243''C. 

Analysis for C23H23N302 : 
30 Calculated: C.73.97;H,6^1 :N,1 1 ^5; 

Found:C.73.95;H,6.32:N.1 1 .28%. 

' Example 38 ' 

Trans-2-CVCtohexVl-5-Dhenvl-5.6 1 1 1 1 a-tetrahydm -1H-imida7n[1' 5':1 61 pyririn 



35 f3.4-blindole-1.3f2HVdionP 

The same method as emptoyed in the preparation of Example 1 but starting 

f from trans methyl 1.2,3,4-tetrahydro-1-phenyl-9H-pyrido[3.4-b]indole-3- 
carboxylate and cyclohexyl isocyanate gave after recrystalllsation from 
methanol, the title compound as white crystals m.p. : 248-250'C 

40 Analysis for C25H25N302: 

i Calculated: C,75.16:H.6.31:N.10.52: ' . 

Found:C,75.23:H,6.33;N.10.60%. 




WO9d/32003 PCT/EP96/03023 



33 

Example 39 

Cis-2-cvclQhexvl«S-Dhenvi-5.e. 11.11 a-tetiahyrim- l H.imida?nf 1' S': 1 .6} pyrido 
T3.4-b]indole-1 .SfZHydione 
The same method as employed in the preparation of Example 1 but starting 
5 from CIS methyl 1.2.3.44etrahydro-1-phenyl-9H-pyrido[3,4-b]indole-3-carfooxylate 
and cydohexyi isocyanate gave after recrystailisation from methanol, the title 
compound as white crystals m.p. : 267-270*0. 
Analysis for C25H25N302 : 
i Calculated: C75.16:H,6.31;N.10.52: 
lOj Found:C,75.20;H.6.33;N,10.52%. 

I Example 40 

Tfans.2<^oxvcart>onvlmethvU5-/4-methQxvnhenylV.S 6.1 1 1 la-tehahyHrn-IH- 
! imidazorr.S':1.6T Dvrido r3.44>1indole-1.3f2HWlinnft 
15 The same method as employed in the preparation of Example 1 but starting 
from Intennediate 4 and ethyl isocyanatoaoetate gave after recrystallisatlon 
' from ethanoi, the title compound as white crystals m.p. : 1 65-167'b. 
Analysis for C24H23N305 : 
Calculated: C.66.50;H.5.35:N,9.69; 
20 Found:C.66.66;H.5.32:N.9.66%. 

Example 41 

Trans-5-f4-methoxvDhenvlV2-f2-f2-pyridylVethyl]-S R 1 1 .1 la-tetrahydro-l H- 
imidazQf1VS'!ieiPvridof344>1indQle.iar2H\-riinna 

25 To a stirred solution of carbonyl diimidazole (0.28 g. 1.72 mmol) In dry 
f tetrahydrofuran (5 mL), was added dropwise a solution of 2-(2- 
I aminoethyOpyridine (0.205 g, 1.68 mmol) in tetrahydrofuran (3 mL) and the 
solution was stirred at room temperature for 0.5 hour. Then, a solution of 
Intermediate 4 (0.5 g, 1.43 mmol) in dry tetrahydroftjran (7 mL) was added and 
30: the resulting solution was refluxed for 20 hours. The solvent was removed under 
reduced pressure and the residue was dissolved in dichloromethane (50 mL). 
The solution was washed three times with water (3x20 mL), dried over Na2S04 
and concentrated. The residue was then purified by flash chromatography 
eluting with dichloromethane/methanol : 99/1 and recrystallised from 
35.; ethanol/water to give the title compound (0.35 g) as white crystals m.p. : 140- 
; 143X. 

I Analysis for C27H24N403 : 
f Calculated: C.71.67:H.5.35:N,12.38: 
Found:C.71 .87;H.5.41 :N,12.28%. 

40 

Example 42 

Trans-2-cvcloDroDyl-5-Dhenvl-S.6. 1111 a-tetra hvdro-l H-imidazot1 '.5': 1 .6] 
pyrido[3.4-b]indole-1 ■3(2H)-dione 
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The same method as employed in the preparation of Example 41 but starting 
from trans methyl 1.2.3.4-tetrahydro-1-phenyi-9H-pyridoI3.4-b]indole-3. 
cartwxylate and cyclopropylamine gave after recrystalllsation from ethanol, the 
title compound as white crystals ra.p. : 250-255'C. 
5 Analysis for C22H19N302 : 

Calculated: C.73.93:H.5.36:N.1 1 .76; 
( Found:C,73.84:H.5.45:N,11.63%. ; 

I Example 43 

"fO liana - 2 -Phenethvl-5H3henvl-5.6 ii.iia4Btfahyri r o-iH-imiriaynrr pi 

DvndQr3.4-b1indote-1 3r?H>-riinnA 

? The same method as employed in the preparation of Example 41 but starting 

from trans methyl 1.2.3.4itetrahydro-1-phenyl-9H-pyrido[3.4-bIindole-3- 

! carboxylate and phenethylamine gave after recrystaltisation from diethyl ether, 

15 the title compound as white crystals m.p. : 240-242"C 
Analysis tot C27H23N302 : 

I Calculated: C.76.94;H.5.50;N.9.97; 
Found:C.77.20; H,5.65;N, 1 0.05%. 

20 Example 44 

Trans-5-Phenvl-7-f?-f>vriflvlmethvlUS6 11 iia.»ptfahyrim.in.imiT tnyTT 

rr.5':1 .eiDVridorS 4-b1indf>te-1 3f2HWliftnft 

The same method as employed^ the preparation of Example 41 but starting 

from trans methyl 1.2.3.4-1etrahydro-1-phenyl-9H-f)yrido[3,4-b]indole-3- 
25 carboxylate and 2-(aminomelhyO pyridine, gave after recrystalllsation from 

methanol, the title compound as white crystals m.p. : 165-175X 

Analysis for C25H20N4O2: , 

Calculated: C.73.51 :H,4.94:N,1 3.72; 
: Found:C,73.4e;H5.29:N,13.84%. 
30 

I Example 45 . 

I Tran8-5-phenvl-2-f4-pvridvimelhvn-s.6.i 1 1 1 a.tatrahvdfo-i HJmiriii^n 

rr.5':1 .eiPVridora 4-blindoie-1 ar9HU<ir.no 

The same method as employed in the preparation of Example 41 but starting 
35 from trans methyl 1,2,3,4-tetrahydro-1-phenyl-9H-pyridol3,4-b]indole-3- 

carboxylate and 4-(aminomethyO pyridine, gave after recrystalllsation from 
f methanol, the title compound as white crystals m.p. : 247-249°C 

Analysis fr>r C25H20N4O2 : 

Calculated: C.73.51 ;H.4.94:N.1 3.72; 
40 Found:C.73.41 ;H.4.98;N,13.62%. 



1 



Example 46 
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Trans-5-f4-methoxvphenylV.2-f3-pvridvlm ethyl>-5.6.1 1 .1 1a-tetrahydrD-1 H- 
imidazorr.5': 1 ■6Tpvridor3.4-b1indole-1 3(2H^.dinnft 

The same method as employed in the preparation of Example 41 but starting 
from Intemnediate 4 and 3-(aminomethyl) pyridine, gave after recrystaliisation 
5 from ethanol. the title compound as white crystals m.p. : 1 60-165"C. 
Analysis for C26H22N403 : 
Calculated: C,71.22:H.5.06:N,12.78; 
Found:C,71.12;H,5.15;N.12.59%. 

lOj Example 47 

Trans-2-f2-dimethvlaminQ-ethyn-5-f4-me!thQxyphe nyl)-5.6 1 1 1 1 a-tetrahydro- 
\ 1 H-lmldazop'.5':1.61pyrido (3 4-b1indote-1 ■3f2H>^iQne 
I The same method as employed iri the preparation of Example 41 but starting 

from Intemnediate 4 and N.N-dimethyl-ethane-1.2-diamine. gave after 
15 recrystaliisation from ethanol/water, the title compound as pale yellow crystels 

m.p. : 120-124'C. 

Analysis for C24H26N403 : 

Calculated: C,68.88:H.6.26;N.13.39; 

Found:C.68.91 ;H.6.43.N, 1 3.23%. 

20 

Examplg48 

Trans-2-f3^imethylamino-Dropvl^5-f4-methQxyphenyl)- 5.6.1 1.1 la-tetrahydro - 
I 1H-lmidazof1'.S':1.6] pyrido [3 4-bVn»^Qle-1 3^2H)-d}one 
' The same method as employed in the preparation of Example 41 but starting 

25 from Intemnediate 4 and N.N-dimethyl-propane-1.3-diamine, gave after 
; recrystaliisation from ethyl acetate/hexane, the title compound as white crystals 
m.p. : 1 59-161 "C. 
Analysis for C25H28N403 : 
Calculated: C.69.42;H,6.53;N.12.95: 
3d Found:C,68.89;H,6.60;N,12.91%. 

I Example 49 

Trans-2-(2-morpholin^yl-ethylVS-phenyl-5.6. 1 1.11 a-tetrahydro-1 H- 
imida2o[1'.5':1.6] pyrido f3.4-blindDie-1 ■3f2H^-dione 
35 The same method as employed in the preparation of Example 41 but starting 

■ from trans methyl 1,2,3,4-tetrahydro-1-phenyl-9H-pyridoI3,4-b)indole-3- 
[ carboxylate and 2-morpholin-4-yl-ethylamine. gave after recrystaliisation from 
! ethanol, the titfe compound as white crystals m.p. : 183-185°C. 
Analysis for C25H26N403 : 
40 Calculated: C.69.75:H,6.09;N.13.01; 
,1 . Found:C,69.68;H.6.17;N,12.80%. 

\ ExampJe 50 
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Trans-5-(4-methoxvDhenvh-?43-/4-m«>fhYUpiDera?in-1-yl^.p r oovn- Sfiil 
tetfahYdrp-1H-imidazQri\5^1.6lDvrklof3.4-hiindote-iar9H>.Hinn«> 

The same method as employed in the preparation of Example 41 but starting 
from Intermediate 4 and 3^4-methyt-piperazin-1-yl)-propylamine, gave after 
recrystallisation from ethanol/water, the title compound as white crystals m p ■ 
164-168»C. 

Analysis for C28H33N503 (0.5 H20): 
Calculated: C,67.72;H.6.g:N.14.1; 
Found:C.67.85;H.6.75;N.14.13%. 



Example 51 

Trans-5-(4-tnethoxvDhenvlV2-/2-DVfrolidin-l^-4 sthvlVS6 11 lla^trahyriro-i^ 
imidazori'.5':1.6l Dvrido r3.4-blindQte-i 3r9H>,riinn«> 

' The same method as employed in the preparation of Example 41 but starting 

15 from Intermediate 4 and 2-pynolidin-1-yl-ethylamine, gave after recrystallisation 
from ethanolAwater, the title compound as white crystals m.p. : 126-130"C 

i Analysis for C26H28IM403: 

i Calculated: C.70.25;H,6.35;N, 12.60; 

1 Found:C.69.99;H,6.35;N.12.50%. 
20 

Example 52 

Trans-&-(4-methQxvphenvn-2-l2-f 1-methv>-pvrroiidin.2-yiV ethvn-5 6 1 1 1 1 a- 
tetrahvdro -IH-imidazof 1'.5':1 .61 nvrido fa 4 -b1indQle-1 3r2HWtinnP 

The same method as employed in the preparation of Example 41 but starting 
25 from Intermediate 4 and 2-(1-inethyl-pynrolidin-2-yl)-ethylamine, gave after 
recrystallisation fipom methanol, the title compound as white crystels m p * 170- 
180X. 

Analysis for C27H30N4O3 : 
Calculated: C,70.72:H.6.59;N, 12.22; 
30 Found:C,70.86;H.6.62;N.12.41%. 

I Example 53 

Trans-5-(4-methoxvphenvlV-5.6.1 1.11a-tetrahvdro-lH-imiria zQrr 5'!l fi] pyririn 

r3 4-hlindole.ia/9HWritnne 

35 A mixture of Intennediate 4 (0.5 g. 1 .48 mmol) and urea (0.1 g) was heated at 
I 220°C for a few minutes. The reaction was then cooled to room temperature and 
i' the solid suspended in methanol, filtered then recrystellised from hot methanol 
to give the title compound as off-white crystels m.p. : 295-305'C. 
Analysis for C20H17N3O3 : 
40 Calculated: C,69.15;H,4.93;N,12.10; , 
I Found:C.68.87;H.4.95;N.12.00%. 



i 



Example 54 
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Cis-5-(4-methoxvDhenvlVS.6.11.11a-tetrahvdro-1H-imida7o[ r,5':1 6] pyrido [3 4- 
^tndole-1.3r2W^iQne 

The same method as employed in the preparation of Example 53 but starting 
from Intermediate 3 and urea, gave after recrystallisation from methanol, the title 
compound as pale yellow crystals m.p. : 300-3 ICC. 
Analysis for C20H17N3O3 : 
Calculated: C,69.15;H.4.93;N,12.10; 
Found:C,68.90:H.4.9l;N.11.98%. 



TABLFTS FOR ORAL ADMINISTRATinN 

i 

A. Direct Compression 



1. 


mg/tablet 


Active ingredient 


50.0 


Crospovidone USNF 


8.0 


Magnesium Stearate Ph Eur 


1.0 


Anhydrous Lactose 


141.0 


The active ingredient was sieved and blended with the excipients. The 


resultant mix was compressed into tablets. 




2. 


mg/tablet 


Active ingredient 


60.0 


Colloidal Silicon Dioxide 


0.5 


Crospovidone 


8.0 


Sodium Lauryl Sulphate 


1.0 


Magnesium Stearate Ph Eur 


1.0 


Microcrystalline Cellulose USNF 


139.5 



The active ingredient was sieved and blended with the excipients. The 
resultant mix was compressed into tablets. 

4 

B. WET GRANULATION 
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1. 


mgAtablet 


Active ingredient 


50.0 


Polyvinyl pyroilidone 


150.0 


Polyethylene glycol 


50.0 


Poiysort)ate 80 


10.0 


Magnesium Stearate Ph Eur 


2.5 


Croscamnellose Sodium 


25.0 


Colloidal Silicon Dioxide 


2.5 


Microcrystalline Cellulose USNF 


210.0 



The polyvinyl pyroilidone. polyethylene glycol and polysorbate 80 were 
dissolved in water. The resultant solution was used to granulate the 
active ingredient. After drying the granules were screened, then extruded 
at elevated temperatures and pressures. The extrudate was milled 
and/or screened then was blended with the microcrystalline cellulose, 
croscannellose sodium, colloidal silicon dioxide and magnesium stearate. 
The resultant mix was compressed into tablets. 



2. 


mg/tablet 


Active ingredient 


50.0 


Polysorbate 80 


3.0 


Lactose Ph Eur 


178.0 


Starch BP 


45.0 


Pregelatinised Maize Starch BP 


22.5 


Magnesium Stearate BP 


1.5 



The active ingredient was sieved and blended with the lactose, starch 
and pregelatinised maize starch. The polysorbate 80 was dissolved in 
purified water. Suitable volumes of the polysorbate 80 solution were 
added and the powders were granulated. After drying, the granules were 
screened and blended with the gnagnesium stearate. The granules were 
then compressed into tablets. 



wo 96/32003 



PCr/EP9d/03023 



39 

Tablets of other strengths may be prepared by altering the ratio of active 
ingredient to the other excipients. 

FILM COATED TABLETS 



The aforementioned tablet formulations were film coated. 



Coating Suspension 


% w/w 


Opadry whitef 
Purified water Ph Eur 


to 


13.2 
100.0* 



* The water did not appear in the final product. The maximum theoretical weight 
of solids applied during coating was 20mg/lableL 

t Opadry white is a proprietary material obtainable firom Colorcon Limited, UK 
which contains hydroxypropyl methylcellulose, titanium dioxide and triacetin. 

The tablets were film coated usin^ the coating suspension in conventional film 
coating equipment. 

CAPSULES I 



1. 


mg/capsule 


Active ingredient 
Lactose 

Polyvinyl pyrollidone { 
Magnesium Stearate 


50.0 
148.5 
100.0 
1.5 


i 

The active ingredient was sieved |and blended with the excipients. The mix was 
filled into size No. 1 hard gelatin capsules using suitable equipment. 


2. 


mg/capsule 


Active ingredient 
Microcrystaliine Cellulose 


50.0 
233.5 



wo 96/32003 PCT/EP96/03013 



40 



Sodium Lauryl Sulphate 


3.0 


Crospovidone 


12.0 


Magnesium Stearate 


1.5 



The active ingredient was sieved and blended with the excipients. The mix was 
filled into size No. 1 hard gelatin capsules using suitable equipment. 



■5 Other doses may be prepared by altering the ratio of active ingredient to 
excipient, the fill weight and if necessary changing the capsule size. 



3. 


mg/capsule 


Active ingredient 
Labrafil M1944CS 


50.0 
to 1.0 ml 



The active ingredient was sieved and blended with the Labrafil. The suspension 
I'o was filled into soft gelatin capsules using appropriate equipment. 

tnhibitofy effect on cQMP.PDg 

cGMP-PDE activity of compounds of the present invention was measured using 
15 a one-step assay adapted from Wells at al. (Wells, J. N., Baird. C. E.. Wu, Y. J. 
I and Hardman, J. G., Biochim. Biophys. Acta 384. 430 (1975)). The reaction 

medium contained SOmM Tris-HCI.pH 7.5. 5mM Mg-aoetate, 250^g/ml 5'- 

Nudeotidase. 1mM EGTA and 0.15^M 8-[H^-cGMP. The enzyme used was a 

human recombinant PDE V (ICOS. Seattle USA). 

20 

Compounds of the invention were dissolved in DMSO finally present at 2% in 
I the assay. The incubation time was 30 minutes during which the total substrate 
conversion did not exceed 30%. 

25 The IC50 values for the compounds examined were detemiined from 
^ concentration-response curves using typically concentrations ranging from 10nM 
to lO^M. Tests against other PDE enzymes using standard methodology also 
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showed that compounds of the invention are highly selective for the cGMP 
specific PDE enzyme. 

cGMP leyel measurements 

5 Rat aortic smooth muscle cells (RSMC) prepared according to Chamley et al. in 
' Cell Tissue Res. IZZ. 503 - 522 (1977) were used between the 10th and 25th 
passage at confluence in 24-well culture dishes. Culture media was aspirated 
. and replaced with PBS (0.5ml) containing the compound tested at the 
appropriate concentration. After 30 minutes at 37^C. particulates guanylate 

10 cyclase was stimulated by addition of ANF (lOOnIM) for 10 minutes. At the end 
of incubation, the medium was withdrawn and two extractions were perfomied 
by addition of 65% ethanol (0.25ml). The two ethanoiic extracts were pooled 
and evaporated until dryness, using a Speed-vac system. c-GMP was 
measured after aoetylation by scintillation proximity immunoassay 

15 j (AMERSHAM). The EC50 values are expressed as the dose giving half of the 
stimulation at saturating conoentTE^ons 

BiQiqgical data 

20 The compounds according to the present invention were typically found to 
exRiBifan -tesQ-vataenofless than 50Q nM and an ECsq value of less than 5 pM. 
i In vitro test data for representative compounds of the invention is given in the 
following table: ' 



25 ; Table 1 . In vitro results 



Example No. 




ECsoliM 


10 


, 4 


<1 


26 (cis isomer) 


• 7 


0.3 


1(cis isomer) 


j <10 


0.3 


32 


<10 


0.2 



The hypotensive effects of compounds according to the invention as identified in 
Table 2 were studied in conscious spontaneously hypertensive rats (SHRs). The 
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compounds were administered orally at a dose of 5 or 10 mg/l(g in a mixture of 
5% DMF and 95% olive oil. or i.v. at a dose of lOn^g in a mixture of 40% 
dimethylfomiamide, 25% tetraglycoi. and 25% glucose serum. Blood pressure 
was measured from a catheter inserted in the carotid artery and recorded for 5 
5 hours after administration. The results are expressed as Area Under the Curve 
\ (AUG from 0 to 5 hours. mmHg.hour) of the fall in blood pressure over time. 

I ■ 
i 



Table 2. In vivo results 



Example No. 


AUG (mmHg.h) 


10 


147 (dosed at 10 mg/kg i.v.) 


26 (cIs isomer) 


1 17 (dosed at 10 mg/kg i.v.) 


1 (cis isomer) 


104 (dosed at 5 mg/kg p.o.) 


32 


65 (dosed at 5 mg/kg p.o.) 
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CLAIMS 



1. A compound of formula (i) 



o 




and salts and solvates thereof, in which: 

RO represents hydrogen, halogen or C^^ alkyi; 
is selected from the group consisting of: 

(a) hydrogen; 

(b) Ci^alkyl optionally substituted by one or more substituents selected 
from phenyl, halogen. -COsR^ and -NR'R^; 

(c) CMcycloalkyl; | 

(d) phenyl; and I 

(e) a 5- or 6-membered heterocyclic ring containing at least one 
heteroatom selected from oxygen, nitrogen and sulphur, and being 
optionally substituted by one or more C^^alkyi, and optionally linked to 
the nitrogen atom to which R^ is attached via C^^alkyl; 

R^ is selected from the group consisting of: 

(f) CMcycloalkyI; 

(g) phenyl optionally substituted by one or more substituents selected 
from -OR®, -NR°R**, halogen, hydroxy, trifluoromethyl, cyano and nitro; 

(h) a 5- or 6-membered heterocyclic ring containing at least one 



one of the t>enzene ring carbon atoms and A is a 5- or 6-membered 
heterocyclic ring as defined in point (h); and 
R^ and R** independently represent hydrogen or Ci^alkyl. 



heteroatom selected from oxygen, nitrogen and sulphur and 




attached to the rest of the molecule via 
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2. A compound according to Claim 1 wheiBin R° is selected from hydrogen, 
methyl, bromine and fluorine. 

5 3. A compound according to Claim 1 or 2 wherein is selected from methyl, 
ethyl optionally substituted by one or more chlorine atoms, butyl, cyclohexyl and 
benzyl. 

4. A compound according to Claim 1 or 2 wherein is selected from hydrogen. 
i;o cydoalkyl, Ci^lkyl substituted ;by an -NR*R* substituent. phenyl optionally 

linked to the nitrogen atom to which R^ is attached via a Ci^lkyl chain, and C,. 
ealkyl. substituted by -COjR". 

5. A compound according to Claim 1 or 2 wherein R^ is selected from pyridyl, 
15 morphoHnyl. piperazinyl, pyrrolidlnyl and piperidinyl. such rings being linked to 

! the nitrogen atom to which R^ is attached via a Ci^^alkyl chain. 

6. A compound according to Claim 5 wherein the heterocyclic ring is linked to 
the nitrogen atom to which R^ is attached via a C^^alkyl chain. 

20 

7. A compound according to any jof Claims 1 to 6 wherein R^ represents 




25 8. A compound according to any of Claims 1 to 6 wherein R^ represents thienyl, 
I pyridyl, furyl or phenyl, wherein phenyl may be substituted by one or more 
i' substituents selected from -OR^, -NR'R", halogen, hydroxy, trifluoromethyl, 
cyano and nitro. 

3,0 9. A compound according' to any of Claims 1 to 6 wherein r' represents a C3. 
ecycloalkyi group. 

i 
■| 
i 
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10. A compound selected from: 

Cis-2-ben2yl-5-(3,4-methylenedioxyphenyl)-5,6,1 1 ,1 1a-tetrahydro-1H-lmldazo 
I1',5':1,6lpyrido[3.4-blindole-1.3(2H)-djone: 

Trans-2-benzyl-5-<3,4-methylenedloxyphenyl)-5,6, 11,11 a-tetrahydro-l H-imldazo 
5 [1'.5':1 .6]pyrido[3,4-b]indole-1 .3(2H)-dione: 

Cis-5-(4-methoxyphenyI)-2-methyl-5,6,1 1.11 a-tetrahydro-1 H-imldazo [I'.S'il ,6] 
pyrido[3.4-b]indole-1,3(2H)-dione; 

Cis-2-ethyl-5-(4-methoxyphenyl)-5,6,11.11a-tetrahydro-1H-imidaz6[1',5':1,6l 
pyrido[3,4-b]indole-1.3(2H)-dione: 
10: Trans-2-ethyl-5-(4-methoxyphenyl)-5.6.11.11a-tetrahydro-1H-imidazo[r,5':1.6I 
pyrido[3,4-b]indole-1.3(2HHione; 

Trans-2-ethyl-5-(3,4-methylenedioxyphenyl).5.6.1 1.11 a-tetrahydro-1 H-imidazo 
(1 '.5': 1 .6]pyrido[3,4.blindole-1 ,3(2H)-djone; 

Trans-2-ethyl-5-(2-thienyl)-5,6.11.11a-tetrahydro-1H-lmida20ir.5':1.6] pyrido 
1 5: I3.4-b]indole-1 .3(2H)^ione: 

Trans-5-(4-dimethylaminophenyl)-2-ethyl-5,6, 11.11 a-tetrahydro-1 H-imidazo 

[r.5':1 .61 pyrido(3.4-b]indole-1 .3(2H)-dione; 
I Trans-2-buty^9-methyl-5-pheny^5,6.11.11a-tetrahydro-1H-imidazoI1^5':1.6] 

pyrido(3.4-b]indole-1 .3(2H)-dione: 
20 Trans-9-bromo-2-butyl-5-phenyl-5.6.1 1 ,1 1a-tetrahydro-1 H-imidazo[r,5':1 ,6] 
I pyrido[3,4-b]indole-1,3(2H)-dione; 

Cis-2-butyl-5-(4-methoxyphenyl)-5,6,1 1.11 a-tetrahydro-1 H-imldazo (1 ',5': 1 .6] 

pyrido[3,4-b]lndole-1,3(2H)-dione; 

Trans-2-butyl-5-(4Tmethoxyphenyl)-5.6,1 1 .1 1 a-tetrahydro-1 H-imldazo [I'.S': 1 .61 
25 pyridoI3,4-b]lndole-1.3(2H)-dione; 

Cis-2-butyt-9-fluoro-5-<4-methoxyphenyl)-5.6.1 1 ,1 1 a-tetrahydro-1 H-imidazo 
[r.5':1 ,61 pyrido[3.4-blindole-1 .3(2H)-dione; 
I Trans-2-butyl-9-fluoro-5-(4-methoxyphenyl)-5,6.1 1,11 a-tetrahydro-1 H-imidazo 
\ [r,5':1 ,61 pyridoI3,4-blindole-1 ,3(2H)-dione; 
30 Trans-2-butyl-5-(3.4-methylenedioxyphenyl)-5,6, 11,11 a-tetrahydro-1 H-imidazo 
[r,5':1 ,6] pyrido[3.4-b]indole-1 ,3(2H)-dione; 

Cis-2-bytyl-5-(3-chlorophenyl)-5,6,1 1 ,1 1 a-tetrahydro-1 H-imidazoI1',5':1 ,61pyrido 
[3,4-blindole-1 .3(2H)-diorte; 
J Trans-2-butyl-5-(3-chlorophenyl)-5.6, 11.11 a-tetrahydro-1 H-imidazo[1 ',5*: 1 ,6] 
35 pyrido t3.4-b]indole-1.3(2H)-dione; 
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Cls-2-butyl-5-(4-chlorophenyl)-5,6,1 1.1 1a-tetrahydro-1 H-lmidazo [1 '.5':1 .61 
pyrido [3.4-b]indole-1.3(2H)-dione; 

Trans-2-butyl-5-(4H*lorophenyl)-5.6.11.11a-tetrahydrD-1H-imida^^ 
pyridoI3.4-blindole-1 .3(2H)-ciione; 

Trans-2-butyl-5-(4-fluorophenyl)-5,6.11 .11 a-tetrahydro-1 H-imidazo[r,5':1 ,61 
pyrido [3,4-blindole-1.3{2H)-dione: 

Trans-2-butyl-5-(44»ydroxyphenyl)-5.6,11,11a-tetrahydro-1H-imidazo[r,5':1,6I 
pyrido [3.4-b]indole-1.3(2H)-dione; 

Cis-2-butyl-5K4-trifluoromethylphenyl)-5.6. 1 1.11 a-tetrahydro-1 H-imidazo 
(1 '.S'rl ,6lpyridoI3.4-bIindole-1 .3(2HHione; 

Cis-2-butyl-5-(4-cyanophenyI)-5.6.1 1 .1 1a-tetrahydro-1 H-iniidazo[r,5':1 .6] pyrido 
[3.4-b]indoie-1 .3(2H)-dione; 

Trans-2-butyl-5-(4-cyanophenyi).5.6,1 1,1 1 a-tetrahydro-1 H-imidazoI1'.5':1 ,6] 
pyrido[3,4-blindole-1 ,3(2H)-dlone: 

Cis-2-butyl-5K4-rirtropheriyI)-5,6.11.11a-tetrahydro-1H-irnldazoI1\5^1,6]py^ 
[3.4-b]tndole-1 .3(2H)-dione: 

Trans-2-butyl-5-(4-rtitrophenyl)-5,6.1 1 .1 1a-tetrahydro-1 H-imidazoI1 '.S'rl .61 
pyrido[3,4-b]indole-1.3(2H)-dione: | 

Cis-2-butyl-5-(3-pyridyl)-5,6.1 1 .1 la-tetrahydro-l H-lmlda2o[r.5':1 .ejpyrido [3.4-bl 
indole-1.3(2HHione: 

Cis-2-butyl-5-(3-thlenyl)-5,6.1 1 .1 1 a-tetrahydro-1 H-imldazoI1',5':1 .6]pyrido [3,4- 
b]indole-1.3(2H)-dione: > 

Trans-2-butyl-5-(34hienyl)-5.6,1 1 ,1 1a-tetrahydro-1H-imidazo[r.5':1 .6] 
pyrido[3.4-bIindole-1 ,3(2H)-dione; 

Cis-2-butyl-5-(3-furyl)-5,6.11,lia-tBtrahydro-1H-inr»idazol1\6':1.6ft^^^ 
b]indole-1.3(2H)-dione; | 

Trans-2-butyl-5-(3-furyl)-5,6,11,11a-tetrahydro-1H-imidazo[r.5':1.6]pyridol3.4- 
blindole-1 .3(2H)-dione; 

Cis-2-cyclohexyl-5-(4-methoxyphenyl)-5.6.1 1.11 a-tetrahydro-1 H-lrnidazo 
(1 ',5': 1 ,6] pyrido[3,4-bIindole-1 .3(2H)-dione: 

Trans-2-cyclohexyk5-(4-methoxyphenyl)-5,6. 1 1 , 1 1 a-tetrahydro-1 H-imidazo 
[1 '.5*: 1 .6] pyrido[3.4-blindole-1 ,3(2H)-dione: 

Cis-2-cyclohexyl-9-fluoro-5-(4-inethoxyphenyl)-5,6, 11.11 a-tetrahydro-l H- 
imidazoir.5':1.6] pyrido[3.4-b]indole-1,3(2H)-dione; 
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Trans-2-cyclohe)cyl-9-fiuoro-5-(4-methoxyphenyl)-5,6,1 1,11 a-tetrahydro-1 H- 
imidazo[r.5': 1 ,61 pyrido(3.4-blindole-1 ,3(2H)-dione: 

Trans-2-benzyl-5-phenyl-5,6, 1 1 , 1 la-tettahydro-l H-imida20(1'.5': 1 ,6]pyrido [3.4- 
b]indoie-1 ,3{2H)-d\ot\e; 

Cis-2-benzyl-5-(4-methoxyphenyl)-5,6 .11.11 a-tetrahydro-1 H-imidazo[1 '.S': 1 ,6] 
pyrido [3,4-b]indole-1.3(2H)-dione; 

Trans-2-benzyl-5-(4-methoxyphenyl)-5.6.1 1 .1 1 a-tetrahydro-1 H-imidazo[1'.5': 1 .6] 
pyrido [3.4-b]indole-1,3(2H)-dione; 

(5R, 1 1 aR)-2-benzyI-5-(3.4-methylenedioxyphenyl)-5,6. 11,11 a-tetrahydro-1 H- 
imidazo [1',5':1,6]pyrido[3,4-b]indole-1 ,3(2H)-dione; 

Trans-2-benzyl-5-(4-hydro)(yphenyI)-5,6, 11,11 a-tetrahydro-1 H-imidazo [1 ',5'; 1 ,6] 
pyrido [3,4-b]indole-1,3(2H)-dione; 

Trans-2-(2-chloroethyl)-5-(4-methoxyphenyl)-5,6, 11,11 a-tetrahydro-1 H-imidazo 
ir,5':1,6lpyridol3.4-blindole-1,3{2H)-dione; 
Cis-2-benzyt-5-cyclohexyl-5,6,1 1,1 1a-tetrahydro-1 H-imidazo[T,5':1 ,6] 
pyrido[3.4-b]indole-1 .3(2H)-dione: 

Trans-2-benzyl-5-cyciohexyl-5,6,1 1,11 a-tetrahydro-1 H-imidazo[1 '.S'rl ,6] 
pyridoI3,4-b]indole-1,3(2H)-dione; 

Trans-2-butyl-5-phenyl-5,6.1 1 ,1 1a-tetrahydro-1 H-imidazo[r.5':1 ,6]pyr1do[3,4- 
b]indoie-1 ,3(2H)-dione; 

Trans-2-cyclohexyl-5-phenyl-5,6,11,11a-tetrahydro-1H-imidazoI1'.5':1.6] pyrido 
[3,4-b]indole-1 .3(2H)-dione: 

Cis-2-cydohexyl-5-phenyl-5,6.1 1,1 1a-tetrahydro-1 H-imidazo[1',5':1 ,6] pyrido 
[3,4-b]indole-1.3(2HHione: ' 
Trans-2-ethoxycarbonylmethyl-5-(4-methoxyphenyl)-5,6,1 1,1 1 a-tetrahydro-1 H- 
imidazo[r.5':1, 6] pyrido [3,4-b]indole-1,3(2H)-dione; 
Trans-5-(4-methoxyphenyl)-2-[2-(2-pyridyl)-ethyl]-5,6,1 1,1 1a-tetrahydro-1H- 
imidazo[r,5•:1 ,6]pyridoI3.4-blindole-1 .3(2H)-dione: 
Trans-2-cyclopropyl-5-phenyl-5,6, 1 1,11 a-tetrahydro-1 H-imidazoI1 ', 5': 1 .6] 
pyridol3,4-bllndole-1 ,3(2H)-dione; 

Trans -2-phenethyl-5-phenyl-5,6,1 1,1 1a-tetrahydro-1H-imldazoI1',5*:1 ,6] 
pyridoI3,4-blindole-1 ,3(2H)-dione: ^ 
Trans-5-phenyl-2-(2-pyridylmethyl)-5,6. 11.1 1a-tetrahydro-1 H-imidazo 
(1 ',5':1 ,6]pyrido(3,4-b)indoie-1 ,3(2H)-dione; 
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Trans-5-phenyl-2-(4-pyridylmethyl)-5.6. 1 1.11 a-tetrahydro-1 H-imidazo 
[r.5':1 .6]pyrido[3,4-blindole-1 .3(2H)-dione; 

Trans-5-(4-methoxyphenyl)-2-(3-pyridylmethyl)-5,6,1 1.1 1 a-tetrahydro-1 H- 

imidazo[1 '.5': 1 ,6]pyrido[3,4-b]indole-1 ,3(2H)-dione; 
5 Trans-2-(2-dimethylamino-ethyl)-5-(4-methoxyphenyl)-5,6,1 1,1 la-tetrahydro- 

1H-lmlda20[r.5':1,6lpyrido I3,4-bllndole-1,3(2H)-dione; 
i Trans-2-(3-dimBthylamino-propyl)-5-(4-methoxyphenyl)- 5,6, 11.11 a-tetrahydro - 
I 1H-lmidazo[r,5':1,6lpyridoI3,4-blindole-1.3(2H)-dione; 
I Trans-2-<2-morpholirv4-yl-ethyl)-5-phenyl-5,6.11,1 1 a-tetrahydro-1 H- 
jl 0 imidazoll '.S'rl ,6] pyrido l3.4-blindole-1 .3(2H)-dione; 

Trans-5-(4-methoxypher»yl)-2-I3-(4-methyl-pipera2in-1-yl)-propyll- 5,6,11,11a- 
l tetrahydro-1H-imlda20[r,5':1 .6] pyrido I3,4-b]indole-1 ,3(2H)-dione; 

Trans-5-(4-methoxyphenyl)-2-(2-pyrroIidin-1-yl-ethyl)-5,6,1 1,1 la-tetrahydro-IH- 
I imidazo(1 '.5': 1 .6] pyrido [3,4-b]indole-1 ,3(2H)-dion; 
;15 Trans-5-(4-methoxyphenyl)-2-[2-{1-methyl-pyrrolidin-2-yl)-ethylI-5,6,1 1,11a- 
\ tetrahydro -1 H-imidazoI1'.5':1 ,61 pyrido [3,4-b]indole-1 ,3(2H).dione: 

Trar»s-5-(4-methoxyphenyl)-5,6,1 1 ,1 1 a-tetrahydro-1 H-imidazo[1',5':1 ,6] pyrido 
' [3,4-b]indole-1,3(2H)-dione; , 

' Cis-5-(4-methoxyphenyl)-5,6,1 1 ,1 ia-tetrahydro-l H-imida2o[r,5':1 ,6] pyrido [3,4- 
,20 blindole-1.3(2H)-dione; 

and pharmaceutically acceptable salts and solvates thereof. 



11. (5R, 1 1aR)-2-ben2yl-5-(3,4rmethylenedio)(yphenyl)-5,6, 11,11 a-tetrahydro- 

1 H-imldazo [r,5':1 ,6]pyrido[3,4-b]lndole-1 ,3(2H)-dione; 
(25 Cis-2-cyclohexyl-5-(4-methoxyphe>nyl)-5,6, 11,11 a-tetrahydro-1 H-imidazo 
I [1 ',5': 1 .6] pyrido[3,4-blindole-1 .3(^H)-dione; 

Trans-2-butyl-5-(4-methoxyphenyl)-5,6,1 1,1 1 a-tetrahydro-1 H-imidazo [1',5':1 ,6] 
I pyrido[3,4-b]indole-1 ,3(2H)-dione; 

Cis-2-benzyl-5-(3,4-methylenedioxyphenyl)-5,6.1 1,11 a-tetrahydro-1 H-imidazo 
|30 [r,5':1 ,6lpyrido[3,4-b]indole-1,3(2H)-dione; 

and phamiaceutically acceptable salts and solvates thereof. 



12. A compound according to any of Claims 1-1 1 for use in therapy. 



# 
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13. A compound according to any of Claims 1-11 for use in the treatment of 
conditions where inhibition of cGMP specific PDE is of therapeutic benefit. 

14. Use of a compound according to any of Claims 1-1 1 for the manufacture of 
5 a medicament for the treatment of conditions where inhibition of cGMP specific 

PDE is of therapeutic benefit. 

i 

15. A method of treating conditions where inhibition of cGMP specific PDE is of 
therapeutic benefit, in a human or non-human animal body, which comprises 

10 administering to said body a therapeutically effective amount of a compound 
1 according to any of Claims 1-11. 

16. A pharmaceutical composition comprising a compound according to any of 
' Claims 1-11, together with a pharmaceutica|ly acceptable diluent or canier 

15 therefor. 

17. A process of preparing a phamnaceutical composition comprising a 
i compound according to any of Claims 1-11, which process comprises mixing 
^ said compound together with a pharmaceutically acceptable diluent or carrier 

20 therefor. 

i 

, 18. A process (A) for preparing ajCompound of fomiula (I) comprising reacting a 
compound of fomiula (II) 



O 




(II) 



wherein Alk represents a C^^alkyl group, with an isocyanate of formula R - 
N=iC=0, in the presence of a suitable organic solvent, such as a ketone solvent; 
or i 
30 a process (D) which comprises process (A)*followed by 
1) an interconversion step; and/or either 
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ii) salt formation; or 

iii) solvate, e.g. hydrate, formation. 



